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Inclosed  la  the  Phase  I Inspection  Report  for  Colonial  Lake  Daa 
In  Hercer  County,  Nev  Jersey  which  has  been  prepared  under  authorisation 
of  the  Daa  Inspection  Act,  Public  Lav  92-367.  A brief  assesaaent 
of  the  daa' a condition  la  Riven  on  the  first  two  pages  of  the  report. 

Based  on  visual  Inspection,  available  records,  calculations  and 

past  operational  perforaance.  Colonial  Lake  Daa,  lnltally  Hated  aa 

a high  hazard  potential  structure  but  reduced  to  a significant  hazard 

potential  structure  as  a result  of  this  Investigation,  is  judged  to 

be  In  very  poor  overall  condition.  The  spillway  la  considered  Inadequate 

since  7 percent  of  the  100  year  flood  would  overtop  the  daa.  The 

spillway  capacity  la  not  viewed  as  a serious  condition  since  the  iapoundaent 

la  saall  and  heavily  silted.  In  addition,  since  reconstruction  of 

the  daa  and  enlargeaent  of  the  spillway  In  1924-25  the  daa  haa  survived 

nuaerous  overtoppings.  In  view  of  the  very  poor  condition  of  the 

existing  daa,  It  la  recoaaended  that  the  owner  proceed  laaedlately 

with  construction  of  the  proposed  replaceaent  daa.  Aa  soae  tlae  will 

be  required  for  the  new  daa'a  construction.  It  la  recoaaended  that 

the  following  repairs  be  aade  to  the  existing  daa  within  one  aonth: 


a.  Backfill  eroded  holes  In  the  paved  aabankaent  spillway,  and  the 
unpaved  eabankaent  where  the  tlaber  core  wall  la  exposed. 

b.  Treat  and  seed  bare  spots  on  the  eabankaent. 

c.  Develop  detailed  eaergency  operation  and  evacuation  plans  and 

* warning  systea.  Also,  during  periods  of  unusually  heavy  precipitation, 
around-the-clock  surveillance  should  be  provided. 


» 
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Honorable  Brendan  T.  Byrne 


In  Che  event  the  new  daa  construction  is  delayed  or  postponed,  the 
following  actions,  as  a minimum,  are  recoaaended: 

a.  The  adequacy  of  the  spillway  should  be  determined  by  a qualified 
professional  consultant,  engaged  by  the  owner,  using  aore  sophisticated 
aethods,  procedures  and  studies  within  six  months  froa  the  date  of 
approval  of  this  report.  Any  raaedial  aeasures  necessary  to  Insure  the 
adequacy  of  the  spillway  and  to  prevent  overtopping  should  be  Initiated 
within  calendar  year  1979.  In  the  interim , the  above  required  emergency 
operation,  evacuation  and  surveillance  plans  should  be  promptly  developed. 

b.  Within  six  months  froa  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  performed  to  Investigate  the 
seepage  through  the  daa  and  stability  of  the  dan  and  develop  engineering 
plans  and  specifications  for  repair  of  the  daa. 

c.  Within  six  months  froa  the  date  of  approval  of  this  report 
the  following  actions  should  be  taken: 

(1)  Develop  and  Implement  a periodic  maintenance  program  for  the 
existing  daa. 

(2)  Debris  which  has  accumulated  in  the  spillway  discharge  channel 
(concrete  debris  excluded)  should  be  removed  and  properly  disposed  of, 
as  well  as  any  debris  which  may  accumulate  In  the  lake  area. 

(3)  Trees  and  brush  on  the  embankment  should  be  removed . 

d.  An  engineering  investigation  be  made  of  downstream  combined 
highway,  railroad,  and  canal  eabankaent  and  culvert  to  develop  aeasures 
to  prevent  or  reduce  the  Impounding  potential  of  this  restriction  to 
flow  In  order  to  prevent  subaergence  of  the  existing  or  new  proposed 
daa.  This  Investigation,  however,  would  not  be  the  responsibility  of 
the  owner  of  Colonial  Lake  Daa. 

A copy  of  the  report  la  being  furnished  to  Mr.  Dirk  C.  Hofman, 

New  Jersey  Department  of  Environmental  Protection,  the  designated 
State  0?  rice  contact  for  this  program.  -Within  five  days  of  the  date  of 
this  letter,  a copy  will  also  be  sent  to  Congressman  Prank  Thompson,  Jr. 
of  the  Fourth  District.  Under  the  provisions  of  the  Preedoa  of  Information 
Act,  the  Inspection  report  will  be  subject  to  release  by  this  office, 
upon  request  five  days  after  the  date  of  this  letter. 


* 
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Honorable  Brendan  T.  Byrne  i 
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Additional  copiea  of  thla  report  nay  be  obtained  from  the  National 
Technical  Information  Service*  (NTIS) , Springfield,  Virginia,  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  froa  the  date 
of  this  letter  for  NTIS  to  have  copies  of  the  report  available. 

An  laportant  aspect  of  the  Dan  Safety  Program  will  be  the  lapleaentatlon  ' 

of  the  recommendations  made  as  a result  of  the  Inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
Implement  our  recommendations. 

Sincerely  yours,  \ 

^EL  T. 

Lieutenant  Colonel,  Corps  of  Engineers 
Acting  District  Engineer 

Cy  furn: 

Mr.  Dirk  C.  Hof man,  P.E.,  Deputy  Director 

Division  of  Water  Resources 

N.  J.  Dept,  of  Environmental  Protection 

P.0.  Box  2809 

Trenton,  NJ  08625 
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CORPS  OF  ENGINEERS  ASSESSMENT  OF  GENERAL  CONDITIONS 


This  dam  was  Inspected  on  22  June  1978  by  Michael  Baker,  Jr.,  Inc. 

Consulting  Engineers,  under  contract  to  the  U.  S.  Army  Engineer  District, 

Philadelphia,  In  accordance  with  the  National  Dam  Inspection  Act, 

Public  Law  92-367. 

The  Colonial  Lake  Dam,  inltally  listed  as  a high  hazard  potential  structure 

but  reduced  to  a significant  hazard  potential  structure  as  a result  of  this 

investigation,  is  judged  to  be  In  very  poor  overall  condition.  The  spillway 

Is  considered  Inadequate  since  7 percent  of  the  100  year  flood  would  overtop  j 

the  dam.  The  spillway  capacity  Is  not  viewed  as  a serious  condition  since 

the  impoundment  is  small  and  heavily  silted.  In  addition,  since 

reconstruction  of  the  dam  and  enlargement  of  the  spillway  In  1924-25 

the  dam  has  survived  numerous  over toppings.  In  view  of  the  very  poor 

condition  of  the  existing  dam.  It  is  recommended  that  the  owner  proceed 

Immediately  with  construction  of  the  proposed  replacement  dam.  As  some 

time  will  be  required  for  the  new  dam's  construction.  It  is  recommended 

that  the  following  repairs  be  made  to  the  existing  dam  within  one  month: 

a.  Backfill  eroded  holes  in  the  paved  embankment  spillway,  and  the 
unpaved  embankment  where  the  timber  core  wall  Is  exposed. 

b.  Treat  and  seed  bare  spots  on  the  embankment. 

c.  Develop  detailed  emergency  operation  and  evacuation  plans  and 

a warning  system.  Also,  during  periods  of  unusually  heavy  precipitation, 
around-the-clock  surveillance  should  be  provided. 

In  the  event  the  new  dam  construction  Is  delayed  or  postponed,  the 
following  actions,  as  a minimum,  are  recommended: 

a.  The  adequacy  of  the  spillway  should  be  determined  by  a qualified 
professional  consultant,  engaged  by  the  owner,  using  more  sophisticated 
methods,  procedures  and  studies  within  six  months  from  the  date  of 
approval  of  this  report.  Any  remedial  measures  necessary  to  Insure  the 
adequacy  of  the  spillway  and  to  prevent  overtopping  should  be  Initiated 
within  calendar  year  1979.  In  the  Interim,  the  above  required  emergency 
operation,  evacuation  and  surveillance  plans  should  be  promptly  developed. 

b.  Within  six  months  froai  the  data  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  performed  to  Investigate  the 
seepage  through  the  dam  and  stability  of  the  dam  and  develop  engineering 
plans  and  specifications  for  repair  of  the  dam. 


c.  Within  six  months  from  the  date  of  approval  of  this  report 
the  following  actions  should  be  taken: 

(1)  Develop  and  Implement  a periodic  maintenance  program  for  the 
existing  dam. 

(2)  Debris  which  has  accumulated  In  the  spillway  discharge  channel 
(concrete  debris  excluded)  should  be  removed  and  properly  disposed  of, 
as  well  as  any  debris  which  may  accumulate  in  the  lake  area. 

(3)  Trees  and  brush  on  the  embankment  should  be  removed. 

d.  An  engineering  investigation  be  made  of  downstream  combined 
highway,  railroad,  and  canal  embankment  and  culvert  to  develop  measures 
to  prevent  or  reduce  the  Impounding  potential  of  this  restriction  to 
flow  in  order  to  prevent  subsiergence  of  the  existing  or  new  proposed 
dam.  This  Investigation,  however,  would  not  be  the  responsibility  of 
the  owner  of  Colonial  Lake  Dam. 


APPROVED: 


T.  CALLAHAN 
'Lieutenant  Colonel,  Corps  of  Engineers 
Acting  District  Engineer 


DATE: 


SZ2J1. 
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Name  of  Dam  - Colonial  Lake  Dam,  Mercer  County,  New  Jersey 

Stream  - Shabakunk  Creek 
Date  of  Inspection  - 22  June  1978 


ASSESSMENT  OF 
GENERAL  CONDITIONS 


Colonial  Lake  Dam  consists  mainly  of  a 218  feet  long  earth 
embankment,  a 106  feet  long  paved  embankment  forming  a flood 
flow  spillway,  and  a 94  feet  long  concrete  ogee  spillway 
with  outlet  works  at  the  left  abutment.  The  dam  is  owned 
and  maintained  by  Lawerence  Township.  The  visual  inspection 
and  review  of  engineering  data  made  during  June  to  August 
1978  indicate  that  many  serious  deficiencies  exist.  In 
general,  the  dam  is  evaluated  as  being  in  a very  poor  and 
deteriorated  condition.  A new  replacement  dam  to  be  located 
immediately  downstream  is  being  designed  for  the  owner  by 
Thomas  Tyler  Moore  Associates,  Inc.  According  to  the  owner, 
the  replacement  dam  work  will  probably  be  let  for  bids  in 
September  1978.  In  view  of  the  very  poor  condition  of  the 
existing  dam,  it  is  recommended  that  the  owner  proceed 
immediately  with  the  replacement  dam  construction  work. 

Since  some  time  will  be  required  for  its  construction,  it  is 
recommended  that  some  repairs  be  made  immediately  to  the 
existing  dam  which  are:  1)  backfilling  eroded  holes  in  the 
paved  embankment  spillway,  and  the  unpaved  embankment  where 
the  timber  core  wall  is  exposed,  and  2)  treating  and  seeding 
bare  spots  on  the  embankment.  The  owner  should  also  immediately 
develop  emergency  procedures  in  the  event  of  dam  failure  or 
overtopping  flood  flows,  and  the  dam  should  be  monitored 
constantly  when  heavy  rain  is  predicted. 

In  the  event  the  new  dam  construction  is  delayed  or  postponed, 
it  is  recommended  that  the  owner  promptly  engage  a consultant 
to  investigate  the  seepage  condition  and  stability  of  the 
existing  dam  and  to  perform  an  in-depth  engineering  investiga- 
tion to  develop  plans  and  specifications  for  the  repair  of 
the  existing  dam.  It  is  further  recommended  that  the  owner 
promptly  prepare  and  implement  a periodic  dam  maintenance 
program;  and  that  debris  in  the  downstream  channel,  and 
trees  and  brush  on  the  existing  dam  be  removed. 

Hydraulic  and  hydrologic  evaluations  performed  in  accordance 
with  established  Corps  of  Engineers  procedures  for  Phase  I 
Inspection  Reports  revealed  that  the  dam  will  not  pass  a 
spillway  design  flood  equal  to  or  greater  than  the  100  year 
flood  flow  without  overtopping  the  dam.  The  existing  spillway 


NAME  OF  DAM:  COLONIAL  LAKE  DAM 


capacity,  which  was  determined  to  be  only  six  percent  of  the 
100  year  flood  flow,  is  thv  .efore  evaluated  as  being  inadequate, 
based  on  the  hydraulic  and  hydrologic  procedures  used. 

Therefore,  if  there  is  any  delay  in  the  construction  of  the 
new  dam,  it  is  recommended  that  the  state  require  the  owner 
to  engage  a consultant  to  initiate  additional  studies  to 
accurately  ascertain  the  spillway  capacity  of  the  existing 
dam  and  to  determine  the  nature  and  extent  of  mitigation 
measures  required. 

It  is  also  recommended  that  an  engineering  investigation  be 
made  of  the  downstream  combined  highway,  railroad  and  abandoned 
canal  embankment  culvert  to  develop  measures  to  prevent  or 
reduce  the  impounding  potential  of  this  restriction  in  order 
to  prevent  submergence  of  the  existing  dam  or  new  dam. 

However,  this  investigation  is  not  the  responsibility  of  the 
owner. 


MICHAEL  BAKE! 


Michael  Baker,  III,  P.E. 
Chairman  of  the  Board  and 
Chief  Executive  Officer 
Registration  Number  13385 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  COLONIAL  LAKE  DAM,  ID#  NJ  00261 

SECTION  1 - PROJECT  INFORMATION 


1 . 1 GENERAL 


a.  Authority  - This  report  is  authorized  by  the 
National  Dam  Inspection  Act,  Public  Law  92-367, 

92nd  Congress,  H.R.  15951  enacted  8 August  1972 
and  has  been  prepared  in  accordance  with  Contract 
No.  DACW61-78-C-0141  between  Michael  Baker,  Jr., 
Inc.,  and  the  U.S.  Army  Corps  of  Engineers,  Phila- 
delphia District. 

b.  Purpose  of  Inspection  - The  purpose  of  this  inspec- 
tion is  to  evaluate  the  general  condition  of 
Colonial  Lake  Dam  with  respect  to  safety  of  the 
facility  based  upon  available  data  and  visual 
inpsection. 

1 . 2 DESCRIPTION  OF  PROJECT 


a.  Description  of  Dam  and  Appurtenances  - Colonial 

Lake  Dam,  from  right  to  left,  consists  of  a 218  feet 
long  unpaved  earth  embankment,  a 106  feet  long 
asphalt  and  concrete  paved  earth  and  rock  embank- 
ment {auxiliary  spillway),  a 94  feet  long  concrete 
ogee  shaped  spillway,  a 16  feet  long  former  sluice 
gate  section,  and  a 30.8  feet  long  left  abutment 
concrete  cutoff  wall.  The  total  length  of  the  dam 
is  466.8  feet,  and  the  maximum  height  is  eight 
feet.  Seepage  control  is  provided  at  the  left 
abutment  by  a 31  feet  long  reinforced  concrete 
cutoff  wall  which  extends  from  the  former  gate 
section  into  the  left  abutment  soil.  A steel 
sheet  piling  cutoff  with  a concrete  cap  was  installed 
in  1925  on  the  upstream  side  of  the  entire  concrete 
spillway  and  the  former  concrete  gate  section.  At 
the  left  abutment  area,  the  steel  sheet  piling 
overlaps  the  concrete  cutoff  wall  by  10  feet.  At 
the  right  end  of  the  spillway  where  the  spillway 
adjoins  the  paved  auxiliary  earth  spillway,  the 
steel  sheet  piling  overlaps  a cut  timber  core 
wall.  The  timber  core  wall  extends  continuously 
from  the  right  end  of  the  concrete  spillway, 
through  the  paved  earth  auxiliary  spillway,  through 
the  unpaved  earth  embankment,  and  into  the  right 
abutment  soil.  The  spillway  consists  of  several 
sections;  all  of  which  were  constructed  or  modified 
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at  different  times.  The  concrete  spillway  consists 
of  an  original  44  feet  long  section  constructed  in 
1923  and  a 52  feet  long  section  added  in  1924. 

Both  sections  were  originally  overflow  buttress 
spillways,  but  were  modified  in  1945  into  a concrete 
ogee  shaped  overflow  spillway.  At  that  time,  a 
fourteen  feet  long,  approximately  three  inch 
deep  low  flow  spillway  notch  was  constructed  from 
29  to  43  feet  right  of  the  gated  section.  A 
106  feet  long  auxiliary  spillway  is  located  to  the 
right  of  the  concrete  ogee  overflow  spillway. 

This  section  consists  of  an  earth  embankment  with 
a timber  core  wall.  Both  upstream  and  downstream 
slopes  were  lined  with  stone  and  then  paved  with 
concrete.  At  some  later  time,  the  concrete  surface 
was  paved  with  a four  inch  asphalt  overlay.  A 
former  sluice  gate  section  is  located  at  the  left 
end  of  the  dam.  This  buttress  concrete  gate 
section  has  three  bays,  each  six  feet  high  by  four 
feet  wide.  Wooden  sluice  gates  formerly  occupied 
these  bays.  A concrete  wall  was  constructed 
across  the  bays  in  1945,  and  one  16  inch  gate 
valve  with  an  outlet  pipe  was  installed  in  the 
right  bay.  In  the  center  bay,  a 16  inch  square 
opening  was  formed  in  the  concrete  with  a one-half 
inch  thick  sliding  steel  plate  for  closure. 

Located  approximately  93  feet  from  the  right 
abutment  area  is  a concrete  inlet  with  a 30  inch 
outlet  pipe.  The  inlet  of  this  outlet  structure 
is  located  at  the  water  surface  edge  of  the  earth 
embankment.  The  pipe  is  reportedly  used  for  the 
release  of  stagnant  water  at  this  corner  of  the 
lake . 

The  downstream  channel  (Shabakunk  Creek)  which 
flows  from  the  spillway  apron  and  stilling  basin 
of  the  dam  to  Assunpink  Creek  is  approximately 
31  feet  wide.  The  left  side  of  the  outlet  channel 
is  protected  with  a mortared  stone  wall  for  a 
distance  of  approximately  25  feet  from  the  dam. 

The  next  150  feet  of  the  left  side  of  the  outlet 
channel  is  partially  lined  with  riprap  extending 
down  to  a point  where  the  channel  narrows  to 
31  feet  wide.  An  additional  outlet  channel  is 
located  at  the  downstream  end  of  a 30  inch  pipe 
which  extends  through  the  earth  embankment.  This 
outlet  channel  joints  the  downs tream  channel 
250  feet  below  the  dam. 

Location  - Colonial  Lake  Dam  is  located  in  Lawrence 
Township , Mercer  County,  New  Jersey,  about  one 
mile  northeast  of  the  intersection  at  U.S.  Route  1 
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and  U.S.  Route  206.  The  dam  is  located  on  Shabakunk 
Creek  approximately  one-half  mile  upstream  from 
its  confluence  with  White  Head  Mill  Pond  on 
Assunpink  Creek.  Approximately  1,200  feet  down- 
stream from  the  dam,  Shabakunk  Creek  flows  through 
a culvert  under  the  Trenton  Freeway  Extension,  a 
Consolidated  Rail  Corporation  spur  track  and  the 
abandoned  Delaware  and  Raritan  Canal. 

c.  Size  Classification  - The  maximum  height  of  the 
dam  is  eight  feet.  The  reservoir  volume  to  the 
top  of  the  dam  at  El.  51.07  feet  is  57  acre-feet. 
Therefore,  the  dam  is  in  the  "Small"  size  category 
as  defined  by  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams." 

d.  Hazard  Classification  - Due  to  the  proximity  of 
about  a dozen  homes  between  the  dam  and  the  culvert 
under  the  Trenton  Freeway  Extension,  a few  lives 
could  be  lost  in  the  event  of  failure  of  the  dam. 
Therefore,  this  dam  is  considered  in  the  "Signi- 
ficant" hazard  category  as  defined  by  the  "Recom- 
mended Guidelines  for  Safety  Inspection  of  Dams." 

e.  Ownership  - The  dam  is  owned  by  Lawrence  Township, 
Municipal  Square,  Lawrenceville,  New  Jersey  08648. 
The  Principal  Engineer  for  Lawrence  Township  is 
presently  Mr.  Marvin  Chmielewski . 

f.  Purpose  of  Dam  - The  dam  is  used  for  recreational 
purposes . 

g.  General  Construction  and  Performance  History  - 
Colonial  Lake  Dam  was  constructed  in  1923. 

Because  the  dam  and  spillway  capacity  were  under- 
designed, the  dam  subsequently  failed  in  1924  and 
1925.  The  first  failure  in  1924  was  a result  of 
overtopping  of  the  earth  embankment  section  which 
washed  out.  This  section  was  then  reconstructed 
as  an  addition  to  the  spillway  changing  the  spill- 
way to  96  feet  from  the  previous  44  feet.  The 
failure  in  1925  consisted  of  undermining  of  the 
original  (1923)  spillway  section  and  the  formation 
of  boils  from  piping  immediately  downstream  from 
the  spillway.  The  repair  which  followed  consisted 
of  the  installation  of  a sheet  steel  cutoff  on  the 
upstream  side  of  the  spillway  section  for  its 
entire  length. 

In  1945  and  1946,  extensive  repairs  were  performed 
on  the  spillway  and  appurtenant  structures.  The 
repairs  were  necessitated  by  deteriorated  concrete 
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conditions.  At  this  time,  the  spillway  was  modified 
from  an  overflow  concrete  buttress  spillway  to  an 
ogee  shaped  spillway. 

Maintenance  of  Colonial  Lake  Dam  since  1946  has 
been  poor.  The  lack  of  proper  maintenance  has 
contributed  to  the  deteriorated  condition  of  the 
dam.  At  the  present  time,  a consulting  engineering 
firm  has  been  engaged  by  Lawrence  Township  and  is 
preparing  plans  and  specifications  for  a replacement 
dam  to  be  constructed  50  to  75  feet  downstream 
from  the  existing  dam. 

h.  Detailed  Design  and  Construction  History  - Colonial 
Lake  Dam  was  originally  designed  by  B.  H.  Wills, 

Civil  Engineer,  Mount  Holly,  New  Jersey  for  the 
Colonial  Land  Company,  the  original  developer  of 
the  lake  and  surrounding  real  estate.  The  construc- 
tion of  Colonial  Lake  Dam  (previously  known  as 
Colonial  Lakelands  Dam)  was  started  in  1923  prior 
to  obtaining  approval  from  the  State  of  New  Jersey. 

On  19  October  1923,  an  inspection  by  the  New 
Jersey  Department  of  Conservation  and  Development 
revealed  that  the  construction  of  the  dam  was 
nearly  complete.  Since  the  original  design  failed 
to  meet  the  engineering  requirements  of  the  State 
of  New  Jersey t the  Colonial  Land  Company  was 
directed  on  8 December  1923  to  keep  the  lake 
unwatered  until  plans  for  the  dam  had  been  submitted 
and  approved.  Drawings  were  revised  and  construction 
was  continued  until  7 April  1924  when  the  dam  was 
overtopped  and  failed.  As  a result  of  this  flood, 
the  spillway  length  was  increased  from  44  feet  to 
96  feet  by  the  construction  of  an  additional 
spillway  section  to  the  right  of  the  old  spillway 
at  the  point  of  the  washout.  Three  (3)  four  feet 
wide  gates  were  also  added  at  the  left  end  of  the 
old  spillway.  Revised  drawings  were  filed  with 
the  New  Jersey  Department  of  Conservation  and 
Development  on  25  April  1924  and  construction 
continued.  Permission  to  fill  the  pond  was  given 
on  25  June  1924. 

On  27  March  1925,  boils  were  observed  downstream 
of  the  dam.  An  inspection  of  this  area  revealed 
that  the  original  spillway  was  undermined.  On 
11  June  1925,  the  New  Jersey  Department  of  Conserva- 
tion and  Development  approved  plans  designed  by 
John  L.  Weber,  Consulting  Engineer,  for  the  construc- 
tion of  a steel  sheet  piling  cutoff  along  the 
entire  length  of  the  spillway.  At  the  same  time, 
any  voids  below  the  spillway  were  to  be  repaired 
with  a slush  grout.  This  cutoff  was  completed  in 
1925. 


NAME  OF  DAM:  COLONIAL  LAKE  DAM 
6 


A number  of  inspections  of  the  dam  were  performed 
through  the  period  of  November  1943  until  March  1946. 

The  inspections  performed  by  personnel  of  the  New 
Jersey  State  Water  Policy  Commission  on  7 November  1943, 
22  May  1945,  and  15  June  1945  developed  recommenda- 
tions for  extensive  repairs  to  the  dam  and  spillway. 

On  1 November  1945,  a permit  was  issued  by  the  New 
Jersey  State  Water  Policy  Commission  to  Colonial 
Operating  Company  for  the  repairs . The  drawings 
for  these  repairs  were  prepared  by  Mr.  J.  E.  Bodmer, 
Chairman  of  the  Lake  and  Grounds  Committee  of  the 
Colonial  Lakelands  Civic  Association,  in  accord- 
ance with  the  recommendations  developed  by  the 
New  Jersey  State  Water  Policy  Commission.  Con- 
struction commenced  immediately  following  permit 
issuance,  and  construction  was  completed  by 
12  March  1946.  At  this  time,  an  inspection  was 
made  by  Mr.  George  B.  Shanklin  of  the  New  Jersey 
State  Water  Policy  Commission  accepting  the  construc- 
tion as  complete.  The  lake  was  full  during  the 
inspection,  and  water  was  flowing  over  the  spillway. 
Modifications  and  repairs  performed  by  this  construc- 
tion included: 

1)  Modification  and  repair  of  the  buttress 
type  overflow  spillway  into  an  ogee  type 
spillway.  This  was  accomplished  by 
removal  of  six  inches  of  the  surface 
concrete  of  the  buttresses  and  crest. 

Concrete  was  then  placed  in  between  all 
the  buttresses  and  a monolithic  ogee 
shaped  surface  was  constructed  across 
the  entire  spillway. 

2)  The  gate  section  located  at  the  left  end 
of  the  dam  was  modified.  The  modifica- 
tions included:  removal  of  the  wooden 
gates  and  their  operating  mechanisms, 

the  installation  of  a reinforced  concrete 
wall  across  the  gate  openings,  the 
installation  of  a 16  inch  valve  and 
outlet  pipe  near  the  bottom  of  the  right 
bay,  and  the  installation  of  a 16  inch 
by  16  inch  "stop  plank"  opening  near  the 
bottom  of  the  center  bay.  A half  inch 
thick  steel  sliding  plate  was  installed 
on  the  upstream  face  of  the  center  bay 
for  closure  of  the  "stop  plank"  opening. 
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3)  A three  inch  deep  low- flow  notch  was 
constructed  on  the  ogee  shaped  spillway 
crest. 

4)  Holes  in  the  concrete  pavement  of  the 
auxiliary  spillway  were  patched. 

5)  Three  weep  holes  were  installed  in  the 
apron  of  the  auxiliary  spillway. 

6 ) Pipe  supports  for  a former  foot  bridge 
across  the  spillway  were  removed. 

After  the  modifications,  the  dam  was  reported  to 
have  the  following  hydraulic  capacity  for  a high 
water  elevation  of  52.3  feet. 


TABLE  1.1 


Section 

Length 
( feet) 

Coefficient 

Head 
( feet) 

Discharge 
( feet  per 
second ) 

Gates 

3 @ 4 feet 

3.3 

1.45 

70 

Main  Spillway 

95.0 

3.4 

1.95 

875 

Aux.  Spillway 

100.0 

3.0 

1.40-1.20 

445 

TOTAL 

207.0 

1390 

An  inspection  of  the  dam  was  performed  on  18  December 
1970  in  compliance  with  a state  request.  The 
inspection  was  performed  by  William  C.  Stratton, 

New  Jersey,  P.E.  License  No.  9170.  General  condi- 
tions noted  included:  spalled  concrete  on  the 
spillway,  rusty  outlet  works,  deterioration  of  the 
apron  of  the  auxiliary  spillway,  crumbling  of  the 
stone  retaining  wall  on  the  north  bank,  and  general 
poor  condition  of  the  downstream  basin  and  stream. 
General  recommendations  included  removal  of  debris 
in  stilling  basin  and  repair  of  stone  riprap  along 
the  northerly  bank. 

On  16  November  1976,  Lawrence  Township  was  required 
by  the  New  Jersey  Department  of  Environmental 
Protection  (N. J.D.E.P. ) , Bureau  of  Flood  Plain 
Management  to  engage  the  services  of  a professional 
engineer  to  recommend  maintenance  and  rehabilitation 
and  to  assess  the  safety  of  the  dam.  The  services 
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of  Thomas  Tyler  Moore  Associates,  Inc.,  Pro- 
fessional Engineers,  67  Scotch  Road,  West  Trenton, 

New  Jersey  08620  had  been  engaged  prior  to  this 
request  for  the  same  purpose.  A report  entitled 
"Structural  Inspections,  Evaluations,  and  Recom- 
mendations of  Colonial  Lake  Dam"  was  submitted  on 
21  January  1977  by  Thomas  Tyler  Moore  Associates, 

Inc.  and  the  main  body  of  this  report  is  included, 
herein,  as  Appendices  C and  D (the  original  is  in 
Appendix  D;  since  it  was  hardly  legible,  a retyped 
copy  is  enclosed  as  Appendix  C ) . The  principal 
recommendation  resulting  from  this  report  was  that 
the  dam  should  be  replaced  by  a new  dam  located  50 
to  75  feet  downstream  of  the  existing  dam.  Subse- 
quently, Thomas  Tyler  Moore  Associates,  Inc.  was 
engaged  by  Lawrence  Township  to  design  the  replace- 
ment dam.  The  township,  at  the  time  of  preparation 
of  this  Phase  I Inspection  Report,  is  reportedly 
planning  to  open  bids  in  September  1978  for  the 
construction  of  the  replacement  dam.  Construction 
reportly  is  expected  to  begin  in  October  1978,  and 
one  year  is  estimated  for  its  construction. 

i.  Normal  Operational  Procedures  - Normal  operating 
procedures  reportedly  consist  of  mowing  the  grass 
surrounding  the  lake  and  opening  the  valve  on  the 
16  inch  diameter  outlet  pipe  to  slightly  drain- 
down  the  reservoir  if  storm  warnings  are  issued. 
However,  the  lake  is  normally  kept  full,  and  no 
attempts  are  made  to  regulate  the  pool  elevation. 

1.3  PERTINENT  DATA 

(Note:  All  elevations  are  based  on  an  assumed  elevation  of 
50.00  feet  for  the  spillway  low-flow  notch.) 

a.  Drainage  Area  - The  drainage  area  of  Colonial  Lake 
is  13.1  square  miles. 

b.  Discharge  at  Damsite  - The  maximum  flow  at  the  damsite 
over  the  spillway  is  not  known. 

c.  Elevation  f feet  above  Mean  Sea  Level  (M.S.L.)]  - 

Existing  Top  of  Dam  - 51.07 

Maximum  Pool  (Design  Discharge)  - 52.3 

(Note:  This  elevation  is  taken  from  Plate  2 and 

does  not,  therefore,  take  into  account  erosion  and 

possible  settlement  of  the  embankment  since  1945.) 

Recreation  Pool  - 50.27+ 

Streambed  at  Centerline  of  Dam  - 43.5 
Maximum  Tailwater  - Not  available 
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Reservoir  (feet)  - 


Length  of  Maximum  Pool  - 2300 
Length  of  Recreation  Pool  - 2000 

Storage  (acre- feet)  - 

At  Recreational  Pool  (El.  50.27)  - 40 
Existing  Top  of  Dam  (El.  51.07)  - 57 

Reservoir  Surface  ( acres ) - 

Top  of  Dam  - 20 
Recreational  Pool  - 16.5 

Dam  - 

1 ) Earth  Embankment  Section  - 

a)  Length  - 218  feet 

b)  Height  - Eight  feet 

c)  Crest  Elevation  - Varies  from  51.07  feet 

to  53.5  feet 

d)  Top  Width  - 13  feet  minimum  where  crest 

is  not  eroded. 

e)  Side  Slopes  - Upstream  - Minimum  two  hori- 

zontal to  one 
vertical  (2:1) 
Downstream  - Minimum  2 : 1 

f)  Impervious  Core  - Timber  core  wall  consisting 
of  noninterlocking  planks  measuring  7"  x 2.5" 
placed  edge  to  edge.  Depth  of  timber  core 
wall  is  not  known. 

2 ) Earth  and  Riprap  Embankment  Paved  with  Concrete 
and  Asphalt  Forming  Flood  Flow  or  Auxiliary 
Spillway  Section  - 

a)  Length  - 106  feet 

b ) Height  - Varies  from  6.3  to  7.1  feet 

c)  Crest  Elevation  - Varies  from  50.3  to  51.07 

feet 

d)  Top  Width  - Zero  feet  (This  section  is 

roughly  triangular  in 
shape. ) 

e)  Side  Slopes  - Upstream  - 3:1  or  flatter 

Downstream  - 3:1  or  flatter 

f)  Impervious  Core  - Timber  core  wall  consisting 
of  noninterlocking  wood  planks  measuring 

7"  x 2.5"  placed  edge  to  edge.  Depth  of 
timber  core  wall  is  not  known. 
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3) 


Concrete  Spillway  - 

a)  Type  - Concrete  ogee  shape 

b)  Length  of  Weir  - 94  feet 

c)  Crest  Elevation  (Low  Flow  Notch)  - 50.00  feet 

d)  Low  Flow  Notch  - 14  feet  long  by  2.75  inches 

deep 

e ) Gates  - None 

f)  Cutoff  - sheet  steel  piling  with  concrete  cap 
located  on  upstream  side  of  spillway.  Based 
on  the  N.J.D.E.P.  microfiche  data,  the  sheet 
piles  were  being  driven  to  an  average  depth 
of  16  feet  below  the  streambed  according  to 
one  inspection  report. 

4 ) Former  Gated  Section  - 

a)  Total  Length  - 16  feet 

b)  Consists  of  Three  Weir  Openings  - Three 
feet  wide,  33  inches  high 

c)  Weir  Crest  Elevations  - 50.7  feet 

d)  Gates  - See  paragraph  1.3.i. 

e)  Cutoff  - Sheet  steel  piling  with  concrete  cap 

5 ) Left  Abutment  Concrete  Cutoff  Wall  - 

a)  Total  Length  - 30.8  feet 

b)  Depth  - Not  available 

c)  Crest  Elevation  - Varies  from  52.9  feet  to 

. 54 . 2 feet 

d)  Gates  - None 

e)  Cutoff  - A sheet  steel  piling  cutoff  is 
located  behind  the  concrete  cutoff  wall  for 
a distance  of  10  feet  on  the  right  side. 

h.  Diversion  and  Regulating  Tunnel  - None 

i . Regulating  Outlets  - The  former  gated  section  con- 
sisting of  three  bays  at  the  left  end  of  the  spillway 
was  concreted  in  during  the  1945  spillway  modifica- 
tions and  replaced  with  a 16  inch  gate  valve  and  out- 
let pipe.  Also,  a 16  inch  square  opening  was 
formed  at  the  bottom  of  the  center  bay  and  a one- 
half  inch  thick  sliding  steel  "stop  plank"  was  pro- 
vided. 

A concrete  inlet  with  a 30  inch  outlet  pipe  is  located 
approximately  93  feet  from  the  right  abutment  area. 

This  outlet  structure  is  located  at  the  water  surface 
edge  in  the  earth  embankment.  The  inlet  to  the  30 
inch  pipe  is  screened  and  the  outlet  discharges  into 
a separate  channel  which  merges  with  the  Shabakunk 
Creek  250  feet  downstream  from  the  dam. 
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SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

The  design  data  reviewed  included  information  concerning 
the  original  construction  in  1923  available  in  the 
microfiche  files  of  the  N.J.D.E.P.  This  file  included: 
the  original  permit  application,  various  correspondence, 
some  of  the  monthly  construction  progress  reports, 
construction  specifications,  and  various  inspection 
reports.  This  information  was  contained  in  State  File 
ID#  53  and  covered  the  original  construction  period  in 
1923,  and  subsequent  modifications  performed  in  1924 
and  1925.  This  file  also  covered  the  intervening  years 
from  1923  to  1945  until  an  application  was  filed  on 
29  October  1945  for  a permit  to  perform  repairs  to 
Colonial  Lake  Dam.  A new  State  ID#  (405)  was  assigned 
in  1945  to  this  dam.  This  second  N.J.D.E.P.  microfiche 
file  includes:  the  repair  drawings  (the  most  recent 
available  included  as  Plate  2)  information  concerning 
repairs,  various  inspection  reports,  various  corre- 
spondence, and  most  recently,  a report  prepared  by 
Thomas  Tyler  Moore  Associates,  Inc.  which  recommended 
the  replacement  of  the  dam.  This  report  is  included  as 
Appendix  C,  in  retyped  form  for  legibility.  A reproduc- 
tion of  the  original  report  (excluding  pictures)  is 
presented  in  Appendix  D. 

2.2  CONSTRUCTION 

Information  concerning  the  original  construction  con- 
tractor of  Colonial  Lake  Dam  was  not  avaiable.  All 
other  pertinent  data  concerning  the  construction  and 
subsequent  modifications  have  been  presented  in 
paragraphs  1.2. a.,  1.2.g.  and  2.1. 

2.3  OPERATION 

Lawrence  Township,  New  Jersey  is  responsible  for  mainte- 
nance and  operation  of  Colonial  Lake  and  Dam.  The 
spillway  is  uncontrolled,  and  no  operating  records  are 
kept  for  the  lake. 

2.4  EVALUATION 

The  information  reviewed  showed  that  extensive  modifica- 
tions and  repairs  have  been  performed  on  the  dam.  This 
information  was  considered  sufficient  for  a Phase  I 
Investigation  except  for  a lack  of  information  concerning 
the  foundation  soils,  embankment  materials,  and  their 
stability.  However,  a reconstruction  of  the  dam  has  been 
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recommended  by  Thomas  Tyler  Moore  Associates,  Inc. 

Since  the  new  dam  construction  work  reportedly  is  to 
be  put  out  for  bids  September  1978,  an  investigation  to 
obtain  this  information  for  the  existing  dam  is  not  con- 
sidered necessary. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 


a.  General  - The  dam  and  its  appurtenant  structures 
were  found  to  be  in  very  poor  condition  at  the 
time  of  inspection.  The  problems  noted  during  the 
visual  inspection  are  considered  significant 
requiring  immediate  corrective  measures.  Note- 
worthy deficiencies  observed  are  described  briefly 
in  the  following  paragraphs.  The  complete  visual 
inspection  check  list  is  given  in  Appendix  A,  and  a 
Visual  Inspection  Sketch  Map  is  presented  as 
Plate  4. 

b.  Dam  - Settlement  and  serious  erosion  of  the  earth 
embankment  section  was  observed.  Adjacent  to  the 
paved  flood  flow  spillway,  previous  overtoppings 
of  the  earth  embankment  have  deeply  eroded  this 
section  resulting  in  exposure  of  the  timber  core 
wall.  Irregularities  in  the  horizontal  alignment 
of  the  dam  might  possibly  be  caused  by  lateral 
displacements  along  shear  planes.  Small  and  large 
trees  were  present  on  much  of  the  downstream 
embankment  slope. 

The  paved  earth  embankment  flood  flow  or  auxiliary 
spillway  had  numerous  large  scoured  sinkholes 
present  where  the  asphalt  and  concrete  paving  have 
been  washed  away  or  where  underscouring  has  caused 
disruption  and  collapse  of  the  paving.  At  the 
junction  of  the  paved  embankment  and  concrete 
spillway,  a very  large  section  of  the  embankment 
toe  (14  feet  long,  11.5  feet  wide  and  up  to  3.5 
feet  deep)  has  been  eroded  away. 

The  concrete  spillway  section  and  former  gated 
section  at  the  left  abutment  were  observed  to  be 
in  fair  condition,  but  some  large  cracks  and  large 
spalled  areas  were  present. 

c.  Appurtenant  Structures  - The  30  inch  diameter 
outlet  pipe  near  the  right  abutment  was  examined, 
and  a void  extending  at  least  five  feet  back  into 
the  embankment  at  the  outlet  was  discovered.  The 
pipe  appeared  to  be  partially  obstructed. 

The  16  inch  square  outlet  at  the  former  gated 
section  was  clogged  with  debris  on  the  upstream 
side,  and  its  regulating  stop  plank  was  rust- 
seized  and  inoperable.  The  16  inch  diameter 
outlet  pipe  valve  was  reported  to  be  partially 
operational . 
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The  concrete  apron  below  the  spillway  was  observed 
to  be  eroded  and  in  deteriorated  condition.  The 
concrete  diversion  wall  adjacent  to  the  apron  was 
partially  broken  up  and  leaning  severely. 

d.  Reservoir  Area  - The  lake  was  observed  to  be 
heavily  silted  with  sedimentation  islands  present 
at  the  upper  end  of  the  lake.  The  sediment  level 
at  the  concrete  spillway  was  measured  at  one- 
half  and  one  foot  below  the  spillway  crest. 

e.  Downstream  Channel  - A large  accumulation  of  wooden 
debris  and  some  broken  sections  of  concrete  were 
located  at  right  channel  bank  immediately  downstream 
from  the  spillway.  The  culvert  under  the  combination 
highway,  railroad  and  canal  embankment  1200  feet 
downstream  has  been  determined  to  be  the  cause  of 

a backup  of  water  during  periods  of  high  flood 
flows.  According  to  the  "Flood  Plain  Information 
Report  for  Shabakunk  Creek"  by  the  U.S.  Army  Corps 
of  Engineers,  Colonial  Lake  Dam  would  be  submerged 
during  a 100  year  flood. 

3.2  EVALUATION 


a.  Dam  - The  settlement  and  erosion  of  the  unpaved 

earth  embankment  section  has  the  following  serious 
effects : 

1)  Reducing  the  freeboard  to  only  approxi- 
mately 1.07  feet,  and  increasing  the 
frequency  of  dam  overtopping  and  the 
chances  of  failure  during  floods. 

2)  Additional  erosion  of  the  embankment 
during  flood  flo  #s  at  the  location  where 
the  timber  core  .jail  is  exposed  may  also 
result  in  failure  of  the  dam. 

The  irregularities  of  the  embankment  horizontal 
alignment  (irregularity  of  the  vertical  alignment 
also  present)  may  indicate  that  translational  or 
shear  failure  has  occurred.  However,  some  of 
these  irregularities  may  have  been  the  result  of 
the  placement  of  fill  during  construction.  Although 
not  considered  to  be  a serious  problem,  the  trees 
observed  on  the  embankment  should  be  removed 
because  of  the  possibility  of  seepage  channels 
forming  from  root  decay. 
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The  eroded  holes,  collapsed  areas,  and  extreme 
deterioration  of  the  paved  earth  auxiliary  spillway 
are  considered  to  be  very  serious  problems  with 
the  potential  for  dam  failure  from  further  erosion 
during  future  flood  flows,  especially  at  the 
junction  of  the  paved  embankment  and  concrete 
spillway  where  erosion  is  presently  most  severe. 
Cracks  and  spalling  of  the  concrete  spillway  and 
former  gated  section  are  not  presently  considered 
to  have  a serious  effect  on  dam  stability;  but 
these  deficiencies  can  only  worsen  with  time,  if 
corrective  measures  are  not  taken. 

b.  Appurtenant  Structures  - The  eroded  channel  along 
the  exterior  of  the  30  inch  diameter  outlet  pipe 
may  have  been  formed  by  through- the -dam  seepage 
during  periods  of  higher  than  normal  lake  level . 

This  could  indicate  a serious  problem  that  might 
lead  to  failure  of  the  dam  during  future  flood 
flows  and  high  reservoir  levels.  The  deficiencies 
with  the  16  inch  square  and  16  inch  diameter  pipe 
outlets  are  not  considered  to  affect  dam  stability, 
but  their  inoperable  or  partially  operable  conditions 
would  impede  drawdown  of  the  lake  in  the  event  of 

an  emergency.  The  deteriorated  concrete  apron  is 
still  functioning,  but  further  deterioration  could 
result  in  its  complete  erosion  with  possible 
resultant  underscouring  of  the  spillway.  The 
failed  spillway  diversion  wall  is  not  believed  to 
seriously  affect  the  integrity  of  the  dam,  but 
future  scour  of  the  downstream  channel  could  occur 
during  flood  flows  because  of  its  condition  with 
resultant  adverse  effects  on  dam  stability. 

c.  Reservoir  Area  - The  heavy  siltation  of  the  lake 
detracts  seriously  from  its  recreational  and 
aesthetic  value.  The  sediment  also  imposes  undesir- 
able lateral  forces  on  the  dam.  However,  extensive 
dredging  of  the  reservoir  should  not  be  done 
because  of  the  very  poor  condition  of  the  dam, 
since  this  would  cause  additional  significant 
downstream  flows  in  the  event  of  a failure. 

d.  Downstream  Channel  - The  wooden  debris  on  the 
channel  right  bank  should  be  removed.  However,  it 
may  be  better  to  leave  the  concrete  debris  in 
place,  since  it  may  help  to  reduce  scour  during 
flood  flows. 

Submergence  of  the  dam  during  a 100  year  flood  (or 
floods  of  greater  statistical  frequency)  is  consid- 
ered to  be  detrimental  to  dam  stability  since  this 
could  have  an  effect  similar  to  a sudden  drawdown. 


NAME  OF  DAM:  COLONIAL  LAKE  DAM 
17 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

With  the  exception  of  opening  the  valve  on  the  16  inch 
diameter  outlet  pipe  when  flooding  of  adjacent  lawns 
occurs,  there  are  no  formal  procedures  to  operate  the 
dam,  or  to  regulate  the  level  or  discharges.  No  formal 
written  procedures  for  emergency  downstream  evacuation 
in  the  event  of  an  impending  catastrophe  have  been 
developed. 

Rapid  emergency  drawdown  of  the  lake  is  not  possible 
due  to  the  small  size  and  partial  operating  condition 
of  the  outlet  pipe. 

Formal  emergency  procedures  should  be  developed  by  the 
owner  and  provided  to  appropriate  township  personnel 
for  the  existing  dam,  until  it  is  replaced  by  the  new 
proposed  dam.  The  formal  emergency  procedures  that  are 
recommended  are  provided  in  Section  7 of  this  report. 

In  addition,  the  owner  should  develop  an  emergency 
evacuation  plan  for  areas  which  will  be  affected  in  the 
event  the  existing  dam  fails  or  when  overtopping  flows 
occur . 

4.2  MAINTENANCE  OF  DAM 

No  regular  maintenance  of  the  dam  is  performed.  According 
to  the  N.J.D.E.P.  microfiche  files,  however,  the  lake 
was  dredged  and  the  dam  was  repaired  in  1966. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

No  maintenance  of  the  partially  operational  16  inch 
diameter  outlet  is  performed. 

4.4  WARNING  SYSTEMS 
None 

4.5  EVALUATION 


The  degree  of  maintenance  performed  is  inadequate. 


SECTION  5 - HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data  - Design  data  was  not  available  for 
review  and  evaluation.  Information  obtained  from 
the  microfiche  files  of  N.J.D.E.P.  indicate  that 
discharge  from  the  gates,  main  spillway  and  aux- 
iliary spillway  would  total  1390  c.f.s.  at  high 
water  El.  52.3  feet. 

b.  Experience  Data  - Information  in  the  microfiche 
files  of  N.J.D.E.P.  indicates  that  the  dam  was 
overtopped  in  1924  and  failed  by  a washout  of  part 
of  the  earth  embankment.  Information  obtained  by 
an  interview  with  the  owner's  representatives 
indicates  the  dam  has  been  frequently  overtopped, 
including  once  in  1973  and  once  in  1975.  Informa- 
tion contained  in  the  "Flood  Plain  Information 
Report  for  Shabakunk  Creek"  by  the  U.S.  Army  Corps 
of  Engineers  indicates  the  dam  to  be  overtopped 
and  even  submerged  during  a 100  year  flood  due  to 
downstream  conditions. 

c.  Visual  Observations  - As  previously  discussed  in 
Section  3,  evidence  of  previous  overtopping  of 
the  dam  is  indicated  by  the  deteriorated  con- 
ditions observed  at  the  dam  during  the  visual 
inspection  on  22  June  1978 . 

d.  Overtopping  Potential  - The  Colonial  Lake  Dam  is 
classified  as  a "Significant"  hazard-"Small"  size 
dam  requiring  evaluation  for  a spillway  design 
flood  (S.D.F.)  equal  to  the  100  year  flood.  The 
spillway  is  approximately  216  feet  long  and  is 
comprisec  of  three  different  cross  sectional 
shapes:  rectangular  concrete  section  which 
formerly  held  gates,  a concrete  section  of  ogee 
shape,  and  an  earth  section  overlain  by  asphalt 
with  roughly  a triangular  shape.  The  spillway  has 
only  an  effective  head  of  1.07  feet  before  flood 
flows  would  have  to  be  carried  upon  bare  earth. 

This  bare  area  located  on  the  right  edge  of  the 
spillway  was  therefore  used  as  the  controlling  top 
of  dam  (El.  51.07  for  these  hydrologic  computations. 
The  spillway  rating  was  developed  by  methods 
specified  In  Design  of  Small  Dams , a U.S.  Bureau 

of  Reclamation  Publication  and  in  the  Handbook  of 
Hydraulic  by  King  and  Barter.  The  maximum  spill- 
way capacity  at  the  effective  top  of  dam  (El.  51.07) 
is  approximately  233  c.f.s. 
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The  hydrologic  computations  contained  herein,  for 
the  estimation  of  the  spillway  design  flood  (S.D.F.) 
were  developed  by: 

1)  The  use  of  the  Flood  Hydrograph  Computer 
Package  HEC-1  by  the  U.S.  Army  Corps  of 
Engineers . 

2 ) 100  year  frequency  rainfall  estimates  by 
the  U.S.  Weather  Bureau  in  Technical 
Publication  40. 

3 ) Methods  outlined  in  Design  of  Small  Dams 
by  the  U.S.  Bureau  of  Reclamation  and 
EM-1110-2-163  by  the  U.S.  Army  Corps  of 
Engineers . 

The  100  year  peak  discharge  was  computed  by  these 
methods  to  be  3726  c.f.s.  Because  the  peak  discharge 
was  in  excess  of  the  spillway  capacity,  the  S.D.F. 
hydrograph  was  routed  through  the  reservoir  using 
the  routing  option  of  HEC-1. 

The  resultant  flood  routing  indicated  that  the  dam 
would  be  overtopped  by  approximately  2.2  feet. 

The  spillway  was  therefore  assessed  as  inadequate. 

The  overtopping  potential  is  further  supported  in 
the  "Flood  Plain  Information  Report  for  Shabakunk 
Creek  by  the  U.S.  Army  Corps  of  Engineers  which 
shows  Colonial  Lake  Dam  is  submerged  due  to  down- 
stream constrictions  during  a 100  year  flood. 

The  conclusions  presented  in  this  Phase  I Inspec- 
tion Report  pertain  to  present  day  conditions,  and 
the  effect  of  future  development  on  the  hydrology 
has  not  been  considered. 

Emergency  Drawdown  - According  to  a representative 
of  the  owner,  the  16  inch  diameter  outlet  pipe 
valve  can  be  partially  opened  with  difficulty. 

Because  of  uncertainty  as  to  the  extent  the  valve 
can  be  opened,  no  drawdown  calculations  were  made. 

It  is  believed,  however,  that  an  emergency  draw- 
down would  require  a long  period  of  time  even  if 
low  stream  inflow  conditions  are  assumed. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 


a.  Visual  Observations  - The  eroded,  deteriorated, 
undermined,  and  through- the-dam  seepage  conditions 
of  the  dam  and  appurtenances  as  observed  during 
the  Phase  I visual  inspection,  and  as  discussed  in 
paragraph  3.1,  are  considered  to  have  composite 
detrimental  effects  on  the  stability  of  the  dam. 

The  irregular  horizontal  and  vertical  alignments 
of  the  earth  embankment  section  may  be  due  to 
progressive  translational  or  shear  failure. 

However,  these  irregularities  could  be  the  result 
of  construction,  differential  settlement  and 
erosion  since  no  slumps,  sloughs,  fissures,  bulges, 
displacement  ridges  or  other  evidences  of  embankment 
or  embankment  foundation  movement  were  observed. 

Based  on  the  visual  inspection,  it  is  concluded 
that  the  structural  stability  of  the  dam  is  doubtful. 

b.  Design  and  Construction  Data  - Calculations  of 
embankment  slope  and  foundation  stability  were  not 
available  for  review.  Likewise,  information 
concerning  the  embankment  and  foundation  materials 
was  not  available  for  this  investigation.  Borings 
have  been  made  recently  in  the  existing  dam  and 
nearby  by  Thomas  Tyler  Moore  Associates,  Inc.  for 
their  design  of  the  replacement  dam.  The  boring 
information  could  not  be  obtained  from  the  owner. 
However,  this  information  may  be  available  from 

N. J.D.E.P.  at  a later  date. 

The  two  failures  of  the  dam  in  the  first  two  years 
after  construction  indicates  that  the  dam  was 
underdesigned.  Subsequent  repairs  and  modifi- 
cations to  the  dam  had  a beneficial  effect  on 
structural  stability  by  reducing  the  overtopping 
potential  (increased  spillway  capacity)  and  by 
reducing  the  piping  and  undermining  potential 
(installation  of  steel  sheet  piling  to  form  a 
cutoff  on  the  upstream  side  of  the  spillway). 

However,  the  present  severely  deteriorated  condition 
of  the  dam  makes  a stability  assessment  impossible 
to  quantify  without  additional  investigation. 

With  due  consideration  for  the  present  plans  of 
Lawrence  Township  to  replace  the  dam,  further 
investigation  would  appear  unnecessary  if  the 
township  proceeds  immediately  with  construction  of 
the  replacement  dam. 

r 
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c.  Operating  Records  - No  operational  records  are 
available  for  Colonial  Lake  Dam.  Microfiche 
records  of  previous  failures  of  the  dam  are  avail- 
able; however,  from  N.J.D.E.P.  and  have  been 
previously  discussed  in  paragraphs  1.2.g.  and  2.1. 

It  should  be  noted,  that  according  to  a representa- 
tive of  the  owner,  the  dam  was  overtopped  by  large 
flows  in  1973  and  1975.  The  overtoppings  did  not 
cause  total  failure  of  the  dam,  although  they  may 
have  contributed  significantly  to  its  very  poor 
overall  condition. 

d.  Post-Construction  Changes  - Extensive  modifications 
have  been  performed  on  the  dam  since  original 
construction  in  1923.  These  modifications  have 
been  previously  discussed  in  paragraphs  1.2.g.  and 
6.1.b.  The  post-construction  modifications  are 
considered  to  have  had  a beneficial  effect  on  the 
structural  stability  of  the  dam. 

e.  Seismic  Stability  - Colonial  Lake  Dam  is  located 

in  Zone  1 of  the  "Seismic  Zone  Map  of  the  Contiguous 
United  States"  (Figure  1,  page  30),  "Recommended 
Guidelines  for  Safety  Inspection  of  Dams."  This 
is  a zone  of  very  low  seismic  activity.  Normally 
dams  which  can  be  shown  to  have  adequate  static 
stability  are  also  considered  to  have  adequate 
seismic  stability.  Since  the  static  stability  of 
Colonial  Lake  Dam  (as  discussed  in  paragraph  6.1) 
is  doubtful,  the  seismic  stability  of  the  dam  can 
also  be  questioned. 

f.  Other  - According  to  the  "Flood  Plain  Information 
Report  for  Shabakunk  Creek"  by  the  U.S.  Army  Corps 
of  Engineers,  Colonial  Lake  Dam  will  be  submerged 
during  a 100  year  flood  due  to  the  downstream 
constriction  of  the  culvert  under  the  combination 
highway,  railroad  and  canal  embankment.  Submergence 
of  the  dam  underwater  followed  by  a drawdown  of 
water  on  the  downstream  side  of  the  dam  is  considered 
by  Michael  Baker,  Jr.,  Inc.  to  have  a detrimental 
effect  on  dam  stability. 
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SECTION  7 - ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 


a.  Safety  - The  Phase  I Investigation  of  Colonial 
Lake  Dam  revealed  that  the  dam  is  in  a very  deteri- 
orated condition.  Several  serious  deficiencies 
exist  that  can  endanger  the  stability  of  the  dam 
during  periods  of  large  flows . The  irregular 
horizontal  and  vertical  alignments  might  indicate 
that  some  translational  or  shear  failure  has 
occurred  already.  Analysis  of  the  spillway  capacity 
using  the  procedures  established  by  the  Corps  of 
Engineers  for  Phase  I Inspections  determined  that 
the  spillway  will  not  pass  the  100  year  flood 
without  the  dam  being  overtopped.  According  to 

the  owner,  the  dam  was  overtopped  in  1973  and 
1975.  Based  on  these  findings  the  safety  of 
Colonial  Lake  Dam  can  be  considered  doubtful. 

b.  Adequacy  of  Information  - The  information  available 
and  the  visual  observations  made  during  the  field 
inspection  are  considered  sufficient,  except  that 
there  was  insufficient  information  available  to 

4 evaluate  embankment  or  embankment  foundation 
stability. 

c.  Urgency  - The  condition  of  the  dam  requires  that 
some  immediate  action  be  taken. 

d.  Necessity  for  Further  Investigation  - Further 
investigation  of  the  dam  including  immediate 
engineering  studies  to  evaluate  the  spillway 
capacity  and  to  develop  recommendations  for  remedial 
action  is  recommended.  Alternately,  the  owner 
should  proceed  immediately  with  the  construction 

of  the  planned  replacement  dam. 

7.2  RECOMMENDATIONS /REMEDIAL  MEASURES 

The  following  recommendations  are  made  as  a result  of 
the  detrimental  findings  of  the  Phase  I Investigation, 
and  because  the  cost  of  repairing  and  renovating  the 
dam  would  be  "equal  to  or  possibly  in  excess  of  its 
replacement  cost"  (according  to  the  report  by  Thomas 
Tyler  Moore  Associates,  Inc . -enclosed  as  Appendices  C 
and  D ) . 

1)  It  is  strongly  recommended  that  the  owner 

proceed  immediately  with  the  construction  of 
the  proposed  replacement  dam,  which  reportedly 
will  be  let  for  bids  in  September  1978. 
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2)  Since  construction  of  the  new  dam  will  require 
time,  it  is  recommended  that  the  owner  immedi- 
ately backfill  the  eroded  holes  in  the  embank- 
ment which  expose  the  timber  core  wall,  and 
the  eroded  holes  and  washed  out  toe  of  the 
paved  flood  flow  spillway  section.  The 
method  of  placement  and  type  of  material  used 
to  backfill  the  eroded  holes  should  be  engi- 
neered. 

3 ) All  bare  eroded  spots  on  the  existing  earth 
embankment  should  be  properly  treated  and 
seeded  to  prevent  further  erosion. 

4)  It  is  recommended  that  a formal  emergency 


procedure 

displayed, 

personnel 

be  prepared  immediately,  prominently 
, and  furnished  to  all  appropriate 
. This  should  include: 

a) 

How  to  operate  the  dam  during  an 
emergency. 

b) 

Methods  of  draining  the  lake  under 
emergency  conditions. 

c) 

Who  to  notify,  including  public 
officials,  in  case  evacuation  from 
the  downstream  area  is  necessary. 

d) 

Constant  monitoring  of  the  dam 
should  be  performed  when  heavy  rain 
is  predicted. 

In  the  event  there  are  delays  in  construction  of  the 
new  dam,  or  its  construction  is  postponed;  the  following 
recommendations  should  be  promptly  implemented: 

1)  The  owner  should  engage  a qualified  consultant 
who  will  investigate  the  seepage  through  the 
dam  and  stability  of  the  dam.  Where  applicable, 
this  should  be  done  in  accordance  with  procedures 
and  criteria  outlined  in  Section  4.4  of  the 
"Recommended  Guidelines  for  the  Safety  Inspec- 
tion of  Dams."  A copy  of  Section  4.4  is 
included  in  this  report  as  Appendix  E for 
reference  purposes. 

2)  In  accordance  with  the  established  Corps  of 
Engineers  procedures  for  Phase  I Inspection 
Reports,  the  existing  spillway  of  Colonial 
Lake  Dam  has  been  determined  to  be  insufficient 
to  pass  a 100  year  S.D.F.  In  fact,  these 
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calculations  indicate  that  only  a very  small 
portion  of  the  100  year  S.D.F.  can  be  passed 
by  the  spillway.  Consequently,  it  is  recom- 
mended that  a qualified  consultant  be  retained 
by  the  owner  to  conduct  an  in-depth  engineering 
study  to  evaluate  the  spillway  capacity  and 
to  develop  recommendations  for  remedial 
measures  to  reduce  the  overtopping  potential . 

3 ) An  in-depth  engineering  investigation  to 

develop  engineering  plans  and  specifications 
for  repair  of  the  dam  should  be  performed  if 
the  results  of  recommendations  1)  and  2)  above 
indicated  that  this  is  economically  feasible. 

It  is  further  recommended  that  an  engineering  investiga- 
tion be  made  of  downstream  combined  highway,  railroad, 
and  canal  embankment  and  culvert  to  develop  measures  to 
prevent  or  reduce  the  impounding  potential  of  this 
restriction  to  flow  in  order  to  prevent  submergence  of 
the  existing  or  new  proposed  dam.  This  investigation, 
however,  would  not  be  the  responsibility  of  the  owner 
of  Colonial  Lake  Dam. 

The  following  recommendations  are  also  made  and  should 
be  promptly  implemented  regardless  of  the  proposed  new 
dam  construction. 

1)  If  the  new  dam  construction  is  delayed,  the 
owner  should  promptly  develop  and  implement  a 
periodic  maintenance  program  for  the  existing 
dam. 

2)  Debris  which  has  accumulated  in  the  spillway 
discharge  channel  (concrete  debris  excluded 
as  discussed  in  paragraph  3.2.d.)  should  be 
removed  and  properly  disposed  of,  as  well  as 
any  debris  which  may  accumulate  in  the  lake 
area. 

3 ) Trees  and  brush  on  the  embankment  should  be 
removed. 
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PLATES 


Note:  Plates  1 and  2 were  reproduced  from  microfiche 

drawings  obtained  from  the  N.J.D.E.P.  Plate  3 
is  a portion  of  the  topographic  map  coverage  of 
Lawrence  Township,  Mercer  County,  New  Jersey, 
prepared  from  aerial  photography  dated  April  1975. 
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PLATE  4 


DETAILED  PHOTOGRAPH  DESCRIPTIONS 


Overall  View  of  Dam  - View  Northeast  Across  Main  Spillway 

Toward  Former  Gates  Adjacent  to  Left  Abutment  Cutoff  Wall 

(Spillway  Diversion  Channel  and  Leaning  Diversion  Wall 

[Right]  Are  in  Foreground.  Height  of  Spillway  is  Approxi- 
mately Six  Feet  Three  Inches)  - 22  June  1978 

Photo  1 - View  of  Dam  Toward  Northeast  Showing  Concrete  and 
Asphalt  (Paved  Flood  Flow  Spillway  in  Foreground, 

Main  Spillway,  Three  Former  Gates  [Inoperable]  With 
Overflow  Weirs,  and  Left  Abutment  Cutoff  Wall.)  - 
22  June  1978 

Photo  2 - Main  Spillway  With  Water  Flowing  Through  Low  Flow 
Notch  - 22  June  1978 

Photo  3 - Close-Up  of  Former  Gated  Section  (Note  Localized 
Spalling  of  Concrete  Surfaces  and  Debris  Against 
Left  Abutment  Stone  Wall.)  - 22  June  1978 

Photo  4 - Upstream  View  of  Inoperable  Gates  Showing  Three 

Overflow  Weirs  (Left  Abutment  Cutoff  Wall  is  Toward 
Left  of  Photo. ) - 22  June  1978 

Photo  5 - Flood  Flow  (Auxiliary)  Spillway  Paved  with  Asphalt 
Over  Concrete  (Note  Eroded  and  Collapsed  Area 
in  Foreground.  A Timber  Core  Wall  Underlies  the 
Crest  of  the  Flood  Flow  Spillway  as  Shown  on 
Plate  2.)  - 22  June  1978 

Photo  6 - Close-Up  of  Just  One  of  Several  Eroded  and  Collapsed 
Areas  in  Flood  Flow  Spillway  (Downstream  Side)  Near 
Main  Spillway  - 22  June  1978 

Photo  7 - Eroded  and  Collapsed  Area  in  Flood  Flow  Spillway 

Adjacent  to  Main  Spillway  (Embankment  Material  Con- 
sisting Mainly  of  Rock  Fill  Overlies  Gray,  Soft  Clayey 
Silt.  Very  Slight  Clear  Seepage  of  Less  Than  Zero 
to  Five  G.P.M.  Occurs  at  Contact  Indicated  With 
Dashed  Line. ) - 22  June  1978 

Photo  8 - View  of  Crest  of  Embankment  (Note  Large  Trees  on  Down- 
stream Embankment  Slope  and  Ponding  of  Water  on 
Crest.)  - 22  June  1978 

Photo  9 - Timber  Core  Wall  Exposed  Where  Asphalt  Paving  of 

Flood  Flow  Spillway  Has  Washed  Away  - 22  June  1978 

Photo  10  - View  of  Upper  End  of  Heavily  Silted  Colonial  Lake 

(Note  Debris  Extending  Above  Water  Level  in  Center  of 
Picture.)  - 22  June  1978 
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PHOTO  2 


PHOTO  3 


PHOTO  5 


v: 


PHOTO  8 
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APPENDIX  A 

CHECK  LIST  - VISUAL  INSPECTION 


Check  List 
Visual  Inspection 
Phase  1 
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EMBANKMENT 


pots  and  ruts  were  present  along  the  embankment  crest  The  trees  and  brush  should  be  removed, 
i overtopping  or  vehicle  traffic.  Much  of  the  down-  Bare  spots  should  be  treated  and  seeded 

i embankment  slope  was  covered  with  small  to  large  to  prevent  further  erosion. 

rees  and  brush. 
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RAINFALL/RESERVOIR  RECORDS  None  were  available. 


DESIGN  reports  None  were  available. 
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BORROW  SOURCES  No  Information  on  borrow  sources  was  available. 


MONITORING  SYSTEMS  Piezometers  have  been  Installed  on  and  near  the  existing  dam  by  Thomas  Tyler  Moore  Assocltes,  Inc. 
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maintenance  None  were  available. 

OPERATION 

RECORDS 


SPILLWAY  PLAN  Design  plans,  sections  and  details  of  the  1945  repairs 

to  Colonial  Lake  Dam  are  shown  on  Plate  2 which  was 
SECTIONS  reproduced  from  the  microfiche  files  of  N.J.D.E.P. 
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CHECK  LIST 

HYDROLOGIC  AND  HYDRAULIC  DATA 
ENGINEERING  DATA 


13.1  square  miles  of  gently  rolling  terrain. 
DRAINAGE  AREA  CHARACTERISTICS:  Much  of  the  drainage  area  has  been  developed . 

ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY)  : 50.3  (40  acre-feet) 

ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY) : Not  Applicable 

ELEVATION  MAXIMUM  DESIGN  POOL:  52.3 

ELEVATION  TOP  DAM:  51.07  (Erosion  and  settlement  have  reduced  top  of  dam  to 

thi s elevation.) 

CREST: 


a. 

Elevation  Varies  from  50.0  feet  to  51.07 

b. 

Type  Concrete  oaee  and  Daved  earth  and  rock  embankment 

c. 

Width  Not  Applicable 

d. 

Length  Concrete  oqee— 94  feet,  paved  embankment— 106  feet 

e . 

Location  Spillover  Left  side  of  valley  section 

f . 

Number  and  Type  of  Gates  None 

OUTLET  WORKS:  

Two  outlets:  one  consists  of  a 16  inch  square  opening  with  a steel 

a • Plate  Stop  Plank  which  is  not  operational. The  second  outlet  consists 

of  a 16  inch  diameter  oioe  with  valve  which  is  partially  operational. 

b.  Location  Left  abutment  adjacent  to  spillway 

c.  Entrance  inverts  44. Q 

d.  Exit  inverts  . 44 - p 

e.  Emergency  draindown  facilities  The  16  inch  outlet  pipe  valve  can  be 

partially  opened. 


HYDROMETEOROLOGICAL  GAGES:  None 

a . Type  

b.  Location 

c.  Records  

MAXIMUM  NON-DAMAGING  DISCHARGE  Not  available 


NAME  OF  DAM:  COLONIAL  LAKE  DAM 


65 


APPENDIX  C 


RETYPED  COPY  (EXCLUDING  PHOTOGRAPHS)  OF 
"STRUCTURAL  INSPECTIONS,  EVALUATIONS  AND 
RECOMMENDATIONS  OF  COLONIAL  LAKE  DAM" 


By  Thomas  Tyler  Moore  Associates 


Inc . 


STRUCTURAL  INSPECTIONS 
EVALUATIONS  & RECOMMENDATIONS 
OF 

COLONIAL  LAKE  DAM 


LOCATED  AT 

LAKE  DRIVE,  LAWRENCE  TWP . , N.  J. 


TABLE  OF  CONTENTS 

I TITLE  PAGE 

II  CERTIFICATION 

III  PURPOSE  OF  REPORT 

IV  MAIN  TEXT  - INSPECTIONS 

V SCHEDULE  "A"  - PHOTO  EXHIBITS 

VI  EVALUATIONS/RECOMMENDATIONS 
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December  1,  1976 


SUBJECT:  Colonial  Lake  Dam 

Inspections,  Evaluations  & Recommendations 
Located  at:  Lake  Drive 

Lawrence  Township,  N.  J. 


CERTIFICATION: 


This  is  to  certify  that  I have  personally  inspected  the  above 
subject  dam  on  June  8,  1976  and  July  7,  1976.  That  I have  evaluated 
the  condition  and  function  of  the  dam  and  related  our  recommendations, 
for  restoration  or  replacement,  to  current  standard  accepted  and 
approved  engineering  and  construction  principles  and  practices.  That 
the  recommendations  in  this  report  are  referenced  the  most  authori- 
tative, accepted  and  widely  used  standards. 


That  the  evaluation  and  recommendations  are  not  personal  pre- 
ferences or  belief. 


James  G.  Alatsas 
Professional  Engineer 
N.J.  Lie.  No.  6834 


Project  No.  2-024-00-300  & 301 


f 
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PURPOSE  OF  REPORT 


INTRODUCTION 


At  the  request  of  Lawrence  Township's  Municipal  Manager,  Mr. 
George  Gottuso,  our  office  undertook  an  inspection  and  evaluation 
of  the  subject  dam  and  adjacent  area.  The  purpose  was  to  establish 
a sound  basis  for  such  recommendations  relative  to  restoration  or 
replacement  of  the  dam. 


The  June  6,  1976  field  inspection  was  made  by  Mr.  James  Alatsas, 
P.E.  and  Mr.  James  Conway,  both  of  Thomas  Tyler  Moore  Associates, 
Municipal  Engineer. 


The  July  7,  1976  field  inspection  was  made  by  Mr.  James  Alatsas, 
P.E.  and  Mr.  Donald  Finney,  both  of  Thomas  Tyler  Moore  Associates, 
Municipal  Engineer. 


F I ELD  INSPECT I ON 


The  inspections  covered  the  concrete  dam  and  wingwall,  the 
earthen  dam,  the  runoff  section  and  top  surfaces,  the  downstream 
face  of  the  dam,  and  the  adjoining  area. 


Photographs  were  taken  of  various  areas  and  conditions. 


In  addition  to  the  inspections  on  the  dates  listed  above,  other 
periodic  inspections  were  also  made,  including  times  after  heavy 
rains,  as  well  as  prolonged  dry  spells. 
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MAIN  TEXT  - INSPECTIONS 


The  existing  conditions  of  the  "dam  structures"  have  been 
inspected  and  evaluated  relative  to  current  standard  and  approved 
engineering  and  construction  principles.  The  references  include 
the  water  resource  technical  publication  on  small  dams  published 
for  the  United  States  Department  of  the  Interior. 

The  inspections  were  made,  and  photographs  taken  after  varying 
weather  conditions,  particularly  rain  and  "dry  spells". 

The  prime  purpose  is  to  establish  an  objective  evaluation  regarding: 

A)  Restoration 

B)  Replacement 

C)  Additionally,  possible  flood  control  aspects  are  suggested: 

1 - by  lowering  the  water  level  and  depth  of  the  lake, 

or 

2 - by  raising  the  water  level. 

The  "dam  structures"  consist  primarily  of  3 basic  sections.  One 
is  of  concrete  with  overflow  or  discharge  facilities.  The  other  is  a 
composite  mass  of  macadam,  earth,  rip-rap,  etc.,  the  third  is  an  earthen 
structure.  Observations  and  findings  include: 

I)  Severe  erosion  on  all  sections  of  the  dam. 

II)  Considerable  settlement  and  wash-out  of  the  earthen  dam. 

III)  Southwesterly  inlet  for  24"  0 outlet,  had  "trapped  and 
collected"  considerable  trash  and  debris,  which  created 
a repugnant  array  of  stagnant  water,  to  the  point  where 
the  southwesterly  end  of  the  dam  meets  the  shore  line 
which  has  adjoining  residences. 

IV)  A section  of  the  24"  0 R.C.P.  outlet  pipe  had  apparently 
"washed-out"  at  the  downstream  face. 
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MAIN  TEXT 


INSPECTIONS  (Cont'd.) 


V)  Center  (or  composite)  section  of  the  dam  has  considerable 
seepage,  erosion  and  undermining.  Numerous  deep  "potholes" 
on  downstream  face  emphasize  extent  of  through  the  dam 
seepage . 

VI ) Bituminous  surfacing  on  the  downstream  face  of  the 
center  section  has  been  displaced  and  upheaved  due  to 
seepage,  pressure  built-up,  and  freezing  effects. 

VII)  Concrete  portion  of  dam  and  spillway  showed  effects 
of  use,  weathering,  and  service,  which  included: 

a)  undermining,  deterioration  and  upheavel  of 
concrete  apron  along  downstream  toe. 

b)  severe  spalling  and  undermining,  producing 

a "cave-like"  opening  on  the  downstream  face 
where  the  center  section  meets  the  concrete 
portion  of  the  dam. 

c)  vertical  crack  and  apparent  separation  of 
the  concrete  dam  at  the  left  end  of  the  main 
spillway,  ranging  from  1/4"  at  the  toe,  to 
1"  at  the  crest. 

d)  severe  spalling  and  erosion  at  the  water  line 
of  the  upstream  face  of  the  concrete  wingwall. 

The  concrete  wingwall  thickness  has  been 
reduced  (by  erosion)  from  1/3  to  1/2  its 
original  dimension,  with  the  reinforcing  steel 
clearly  exposed. 

e ) cracks  in  the  concrete  apron  have  advanced  to 
the  stage  where  the  reinforcing  steel  is 
clearly  exposed. 

VIII)  Immediately  on  the  downstream  side  of  the  dam,  con- 
siderable debris  has  collected.  This  condition  is 
aggravated  by  the  upheaved,  displaced  and  cracked 
concrete  and  macadam  which  "trap"  the  debris.  The 
"potholes"  assist  in  the  collection  of  the  debris. 

IX)  The  sluice  gates  are  severely  corroded  and  rust- 
seized.  The  concrete  sluice  way  has  spalled  and 
eroded.  The  downstream  area  of  the  sluiceway,  which 
constantly  seeps  due  to  its  deterioration,  has  its 
own  collection  of  debris. 
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Note : 


Section  V (Schedule  "A"  - Photo  Exhibits)  was 
not  included  in  this  appendix  because  of  very 
poor  quality  reproduction.  If  copies  of  this 
section  are  desired,  please  contact  the  owner. 
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INC. 


EVALUATIONS/RECOMMENDATIONS 


EVALUATIONS 


The  condition  and  function  of  the  dam  has  been  severely  and 
adversely  effected  by  the  continual  and  progressive  deterioration, 
undermining  and  displacement  of  the  dam  structure. 


The  "condition"  is  not  reversible  by  mere  passage  of  time. 

On  the  contrary,  it  will  eventually  reach  the  point  where  the  dam 
structure  will  not  function  in  its  intended  use,  and  it  will  be 
difficult  to  maintain  the  lake  at  any  level  due  to  excessive  seepage 
through-the-dam,  its  cracks  and  openings. 


Aside  from  the  structural  considerations,  the  immediate  upstream 
and  downstream  areas,  with  the  stagnant  waters  and  debris,  are  re- 
pugnant from  both  a health  and  aesthetic  point  of  view. 


RECOMMENDATIONS 


A)  Restoration  - The  dam  can  be  restored,  and  can  be  made  to 
function  in  its  intended  use.  However  the  full  extent  of 
the  "damage"  due  to  deterioration,  etc.  is  difficult,  if 
not  impossible,  to  precisely  determine.  Therefore,  at  best 
the  "serviceable-life"  of  the  restored  dam  cannot  be  possitively 
established. 

To  remove,  replace,  renew,  etc.  the  damaged  portions  of  the 
dam  to  properly  restore  it  to  its  original  condition  would 
incur  costs  equal  to  or  possibly  in  excess  of  its  replacement 
cost. 

To  restore  the  dam  to  its  original  condition  would  foreclose 
possible  considerations  or  inclusion  of  "supplemental" 
functions  of  the  dam,  which  would  improve  its  function, 
health  condition  and  aesthetics. 
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:COMMENDATIONS  (Cont'd.) 


B)  Replacement  - The  dam  can  be  replaced  with  little  or  no 
interruption  of  its  present  function.  "Supplemental" 
functions  can  be  considered  and  included  in  the  new  dam. 
The  cost  should  not  exceed  that  of  proper  restoration  of 
the  dam.  Recommend  new  dam  be  located  50  to  75  feet 
downstream  of  present  location. 


C)  "Supplemental"  functions  can  possibly  include: 

1 - Flood-control  aspects,  by  allowing  for  a "reserve" 

capacity  by  raising  the  dam  height  or  lowering  the 
lake  bottom. 

2 - A silt  cleanout  or  escape  sluice  gate  at  the  bottom 

of  the  dam  near  its  center,  and  preferably  at  the 
deepest  point  and  under  the  spillway. 

3 - The  dam  configuration  to  minimize  stagnant  waters 

* and  debris. 

The  additional  costs  for  the  "supplemental"  functions 
should  be  nominal,  relative  to  the  overall  total  cost. 

A well  functioning  and  attractive  dam  and  lake  will  stabilize 
or  improve  the  property  values  in  the  surrounding  and  adjoining 
areas . 

D)  The  water  plug  borings  will  include:  sieve  analysis,  hydro- 
meter testing  and  drying  time.  Such  boring  and  testing  is 
more  specialized.  For  better  control  and  more  reliable  results, 
it  is  recommended  that  one  contractor  be  responsible  for  the 
boring  and  testing.  The  results  of  such  work  will  help  establish 
the  best  manner  or  removal,  the  cost  of  removal,  and  the  approxi- 
mate time  required  to  remove  the  silt  from  the  lake,  and  to  re- 
move, or  to  demolish-and-remove,  the  existing  dam  structure. 
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APPENDIX  D 


COPY  OF  ORIGINAL  REPORT  (EXCLUDING  PHOTOGRAPHS)  OF 
"STRUCTURAL  INSPECTIONS,  EVALUATIONS  AND 
RECOMMFNDATIONS  OF  COLONIAL  LAKE  DAM" 

By  Thomas  Tyler  Moore  Associates,  Inc. 
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PURPOSE  OF  REPORT 


INTRODUCTION 


At  the  request  of  Lawrence  Township’s  Municipal  Manager,  Mr. 
George  Gottuso,  our  office  undertook  or.  inspection  or. d evaluation 
of  the  subject  dam  and  adjacent  area.  The  purpose  was  to  establish 
a sound  basis  for  such  recommendations  relative  to  restoration  or 
replacement  of  the  dam. 

The  June  6,  1976  field  inspection  was  made  by  Mr.  James  Alatsas, 
P.E.  cad  Mr.  Jar-es  fonvav,  oath  of  Thanaa  Tyler  Moore  Associates, 
>*unicipal  Engineer. 
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The  July  7,  1976  field  inspection  was  made  by  Mr.  James  Alatsas, 
P.E.  and  Mr.  Donald  Kinney,  beth  of  Thomas  Tyler  Moore  Associates, 
Municipal  Engineer. 


PIFLD  INSPECTION 

The  inspections  covered  the  concrete  <lam  and  vingvnll,  the 
earthen  dam,  the  runoff  suction  ami  top  surfaces,  the  downstream 
face  of  the  dam,  and  the  adjoining  area. 

Photographs  were  taken  of  various  arena  and  conditions. 

' ! • ...  ;1  ...  ’ ’ • 1 

In  addition  to  the  inspections  on  the  dates  listed  above,  other 
periodic  inspections  were  also  made,  including  tines  after  heavy 
rains,. as  well  as  prolonged  dry  spells. 
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FBSOJi  COPE 


MAIM  TEXT  - INSPECTIONS 


The  existing  conditions  ol  the  "dam  structures*  hive  been 
inspected  nod  evaluated  relative  to  current  standard  a ci  acprov?'i 
engineering  and  construction  principles.  The  references  include 
the  water  resource  technical  publication  on  small  dams  published 
for  the  United  States  Department  e-J  the  Interior. 

The  inspections  were  made,  and  photographs  taken  after  varying 
weather  conditions,  particularly  rain  and  “dry  spells". 

The  prime  purpose  is  to  establish  an  objective  evaluation  regarding: 

A)  Restoration 

B)  Replacement 

C)  Additionally,  possible  flood  control  aspects  are  suggested: 

1 - by  lowering  the  water  level  and  depth  of  the  lake, 

or 

2 - by  -aising  the  water  level. 

The  "dan  structures"  consist  primarily  of  3 basic  sections.  One 
is  of  concrete  with  overflow  or  discharge  facilities.  The  other  is  a 
composite  mass  of  macadam,  earth,  rip-rap,  etc.,  the  third  is  in  earthen 
structure.  Observations  and  findings  include: 

15  Severe  erosion  on  all  sections  of  the  dan. 

II)  Considerable  settlement  and  wash-out  of  the  earthen  dan. 

III)  Southwesterly  inlet  for  24"  0 outlet,  had  "trapped  and 
collected"  considerable  trash  and  debris,  which  created 
a repugnant  array  of  stagnant  water,  to  the  pcint  where 
the  southwesterly  end  of  the  dam  reo.s  the  shore  line 
which  has  adjoining  residences. 

A section  of  the  24"  0 R.C.P.  outlet,  pipe  had  apparently 
"washed-out"  at  the  downstream  face. 
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IV) 
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MAIN  TEXT  - INSPECTIONS  (Cont'd.) 


V)  Center  (or  com posits)  section  of  Li*  dam  has  consider  an. « 
seepage,  erosion  and  undermining.  :hretc'JS  deep  •pothole: 
on  downstream  face  emphasize  extent  of  through  the  dan 
seepage. 

VI)  Bituminous  surfacing  on  the  downstream  face  of  the 
center  section  lias  teen  displaced  and  upheaved  due  to 
seepage,  pressure  built-up,  and  freezing  effects. 

VII)  Concrete  portion  of  dam  and  spillway  showed  effects 
of  use,  weathering,  and  service,  which  included: 

a)  undermining,  deterioration  and  upheaval  of 
concrete  apron  along  downstream  toe. 

b)  severe  spalling  and  undermining,  producing 

a "cave-like*  opening  on  the  downstream  face 
wheri;  the  center  sect  ion  meets  the  concrete 
port -on  of  the  dxm. 

c)  vertical  crack  and  apparent  separation  of 
the  concrete  dam  at  the  left  end  of  the  main 
spillway,  ranging  from  1/4"  at  the  toe,  to 
1"  at  the  crest. 

d)  severe  spalling  and  erosion  at  the  water  line 
cf  tie  ut stream  face  of  the  c*  crete  wingvall . 

Ths  concrete  wir.gv.3ll  thickness  has  been 

. rodut  cd  (by  orosic.n)  from  1/3  to  1/2  its 

orignul  dimension,  with  the  reinforcing  steel 
clearly  expv  sed. 

e)  cracks  in  the  concrete  apron  have  advanced  to 
the  stage  where  the  reinforcing  steel  is 
clearly  exposed. 

VIII)  Trrcdiately  on  the  downstream  side  of  the  dan,  con- 
siderable debris  lias  collected.  This  condition  is 
aggravated  by  the  upkeaved,  displaced  and  cracked 
concrete  and  macadam  which  •trap*  the  debris.  Tne 
"potholes"  desist  in  the  collection  of  the  debris. 

IX)  The  sluice  gates  arc  severely  corroded  ana  rust- 
seized.  The  concrete  sluice  wav  his  !.;>ai  l- xl  umi 
ended.  ?he  c . «i.  . troj.r.  area  at  t :•  l ; • ct  way , vh.ch 
cthstartly  scops  ice  to  its  deter  i .>r.:  - : n,  has  its 

r ,’f*  r*  - } T ^»c t \ c r.  kit  c*  \ c.  • 
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Note: 


Section  V (Schedule  "A"  - Photo  Exhibits)  was 
not  included  in  this  appendix  because  of  very 
poor  quality  reproduction.  If  copies  of  this 
section  are  desired,  please  contact  the  owner. 
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EVALUATIONS/P ECOMMENDATIOMS 


EVALUATIONS 


The  condition  and  function  of  the  dam  has  been  severely  and 
adversely  effected  by  the  continual  and  progressive  deterioration, 
undermining  and  displacement  of  the  dara  structure. 

The  "condition*  is  not  reversible  by  n>ere  passage  of  time. 

On  the  contrary,  it  wTTl  eventually  reach  the  point  where  the  dam 
structure  will  not  function  in  its  intended  use,  and  it  will  be 
difficult  to  maintain  the  lake  at  any  level  due  to  --.---SC 

through-tho-dam,  its  crac'ss  and  openings. 

Aside  from  the  structural  considerations,  the  immediate  upstream 
and  downstream  areas,  with  the  stagnant  waters  and  debris,  are  re- 
pugnant from  both  a health  and  aesthetic  point  of  view. 


Rixo'-'.i'  ?•  DAh ; o: : s 


Restoration  - The  dara  can  be  restored,  and  c.in  be  made  to 
function  in  its  intended  use.  However  the  full  extent  of 
the  "damage"  due  to  deterioration,  etc.  is  difficult,  if 
not  impossible,  to  precisely  determine.  Therefore,  at  best 
the  "serviceable-life"  of  the  restored  dan  cannot  be  positively 
establ i shod. 

To  r.T.sve,  replace,  renew,  etc.  who  darag-d  portions  of  the 
dun  to  properly  restore  it  to  its  original  condition  would 
incur  costs  e-;ua 1 to  or  possibly  i n excess  oC_  its  replacement 
cost. 

To  restore  the  dam  to  its  original  condition  would  foreclose 
possible  considerations  cr  inclusion  of  "supplement il " 
functions  of  the  dun,  which  would  improve  its  function, 
health  cc-dition  ar.d  aesthetics. 
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i  p.FCOMMFNfATIOHS  (Cont'd.) 


3)  Heplace.mont  - The  dan  can  he  replaced  with  little  or  no 
i ntf-r r'.'ot i on  of  jtj  iwrtio".  "r- '.’p'ltt cnfr.l" 

functions  can  be  considered  and  lncl"ded  in  the  new  dam. 

.'.-.j  c.:-.  uf.-o.iiJ  ux  Jt  “a  '-.at  oi  r.r'.; -:r  lostora;  .on  c£ 

the  dua.  Roccrmcnd  new  aanj  be  located  50  to  75  feet 
ilo'-nstream  ci  present  locution. 

C)  “Supplemental"  functions  can  oossiblv  include: 

' 1 - yiocd-eent’'ol  aspects,  by  allowing  for  a “reserve* 

capacity  by  raisiag  the  data  height  or  lowering  the 
' lake  bottom. 

2 - silt  clo.ir.out  or  escape  sluice  gate  at  the  bottom 

of  the  dan  rear  its  center,  ar.d  preferably  at  the 
deepest  point  ur.i  under  the  spillway. 

3 - rhe  <‘:ra  oa.-tf Iguration  to  minisize  stagnant  waters 

if  ■.  ■ •:  i 6 • 

The  additional  costs  for  the  “supplemental " functions 
-iioulu  4.C  tic  ki.tal , ro Lative  to  the  overall  total  cost. 

A well  t ir.ct sen lag  end  uttrr.cive  dasr.  and  lake  will  stabilize 
or  ‘"npre/e  the  property  Vhlues  in  the  sur rounding  and  adjoining 
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Tl'.o  muter  j j1  :,t  1 -j  a will  : ai«.vo  . -’.vs  a,  ;.:ro- 

.wu  r tactic.;  j.:d  U/i.-g  tire.  ,‘a:h  !.ji  i ;g  • 1 ■ .t.r-o  : s 

more  specialized.  For  better  control  ar.d  s.  -re  reliable  results, 
it  is  rceewnenclcd  tb*t  or.c  contractor  St  r«s eon* tfc .«  for  the 
boring  «md  testing.  Tie  results  >f  a->eh  wot  >;  will  help  <s*  ami  i ;‘a 
the  best.  rtar>tt«*r  of  roircval,  the  cost  of  reneval,  and  the  approxi- 
mate time  r'*<-'!'red  to  remove  the  silt  from  the  lake,  and  to  rc- 
;aove,  or  to  U..tvo1  ich-a.ii- -t-.-;ove , U.a  existing  dam  otiuctuxe. 
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APPENDIX  E 


EXCERPTS  FROM 

"RECOMMENDED  GUIDELINES  FOR  THE  SAFETY  INSPECTION  OF  DAMS" 

SECTION  4-4  - STABILITY  INVESTIGATIONS 
(Pages  D-18  through  D-27) 


» 


Reclamation  and  Soil  Conservation  Service.  Many  other  agencies,  educa- 
tional facilities  and  private  consultants  can  also  provide  expert  advice. 
Regardless  of  where  such  expertise  is  based,  the  qualification  of  those 
individuals  offering  to  provide  it  should  be  carefully  examined  and 
evaluated . 

4.3.4.  Freeboard  Allowances.  Guidelines  on  specific  minimum  freeboard 
allowances  are  not  considered  appropriate  because  of  the  many  factors 
involved  in  such  determinations.  The  investigator  will  have  to  assess 
the  critical  parameters  for  each  project  and  develop  its  minimum  require- 
ment. Many  projects  are  reasonably  safe  without  freeboard  allowance 
because  they  are  designed  for  overtopping,  or  other  factors  minimize 
possible  overtopping.  Conversely,  freeboard  allowances  of  several  feet 
may  be  necessary  to  provide  a safe  condition.  Parameters  that  should  be 
considered  include  the  duration  of  high  water  levels  in  the  reservoir 
during  the  design  flood;  the  effective  wind  fetch  and  reservoir  depth 
available  to  support  wave  generation;  the  probability  of  high  wind  speed 
occurring  from  a critical  direction;  the  potential  wave  runup  on  the  dam 
based  on  roughness  and  slope;  and  the  ability  of  the  dam  to  resist 
erosion  from  overtopping  waves. 

4.4.  Stability  Investigations.  The  Phase  II  stability  investigations 
should  be  compatible  with  the  guidelines  of  this  paragraph. 

4.4.1.  Foundation  and  Material  Investigations.  The  scope  of  the  foundation 
and  materials  investigation  should  be  limited  to  obtaining  the  information 
required  to  analyze  the  structural  stability  and  to  investigate  any 
suspected  condition  which  would  adversely  affect  the  safety  of  the  dam. 

Such  investigations  may  include  borings  to  obtain  concrete,  embankment, 
soil  foundation,  and  bedrock  samples;  testing  specimens  from  these  samples 
to  determine  the  strength  and  elastic  parameters  of  the  materials,  including 
the  soft  seams,  joints,  fault  gouge  and  expansive  clays  or  other  critical 
materials  in  the  foundation;  determining  the  character  of  the  bedrock 
including  joints,  bedding  planes,  fractures,  faults,  voids  and  caverns, 

and  other  geological  irregularities;  and  installing  instruments  for 
determining  movements,  strains,  suspected  excessive  internal  seepage 
pressures,  seepage  gradients  and  uplift  forces.  Special  investigations 
may  be  necessary  where  suspect  rock  types  such  as  limestone,  gypsum, 
salt,  basalt,  claystone,  shales  or  others  are  involved  in  foundations  or 
abutments  in  order  to  determine  the  extent  of  cavities,  piping  or  other 
deficiencies  in  the  rock  foundation.  A concrete  core  drilling  program 
should  be  undertaken  only  when  the  existence  of  significant  structural 
cracks  is  suspected  or  the  general  qualitative  condition  of  the  concrete 
is  in  doubt.  The  tests  of  materials  will  be  necessary  only  where  such 
data  are  lacking  or  are  outdated. 

4.4.2.  Stability  Assessment.  Stability  assessments  should  utilize  in 
situ  properties  of  the  structure  and  its  foundation  and  pertinent  geologic 
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information.  Geologic  information  that  should  be  considered  includes 
groundwater  and  seepage  conditions;  lithology,  stratigraphy,  and  geologic 
details  disclosed  by  borings,  "as-built"  records,  and  geologic  interpre- 
tation; maximum  past  overburden  at  site  as  deduced  from  geologic  evidence 
bedding,  folding  and  faulting;  joints  and  joint  systems;  weathering; 
s lickensides , and  field  evidence  relating  to  slides,  faults,  movements 
and  earthquake  activity.  Foundations  may  present  problems  where  they 
contain  adversely  oriented  joints,  slickensides  or  fissured  material, 
faults,  seams  of  soft  materials,  or  weak  layers.  Such  defects  and  excess 
pore  water  pressures  may  contribute  to  instability.  Special  tests  may 
be  necessary  to  determine  physical  properties  of  particular  materials. 

The  results  of  stability  analyses  afford  a means  of  evaluating  the 
structure's  existing  resistance  to  failure  and  also  the  effects  of  any 
proposed  modifications.  Results  of  stability  analyses  should  be  reviewed 
for  compatibility  with  performance  experience  when  possible. 

4.4.2. 1.  Seismic  Stability.  The  inertial  forces  for  use  in  the  conven- 
tional equivalent  static  force  method  of  analysis  should  be  obtained  by 
multiplying  the  weight  by  the  seismic  coefficient  and  should  be. applied 
as  a horizontal  force  at  the  center  of  gravity  of  the  section  or  element. 
The  seismic  coefficients  suggested  for  use  with  such  analyses  are  listed 
in  Figures  1 through  4.  Seismic  stability  investigations  for  all  high 
hazard  category  dams  located  in  Seismic  Zone  4 and  high  hazard  dams  of 
the  hydraulic  fill  type  in  Zone  3 should  include  suitable  dynamic  pro- 
cedures and  analyses.  Dynamic  analyses  for  other  dams  and  higher  seismic 
coefficients  are  appropriate  if  in  the  judgment  of  the  investigating 
engineer  they  are  warranted  because  of  proximity  to  active  faults  or 
other  reasons.  Seismic  stability  investigations  should  utilize  "state- 
of-the-art"  procedures  involving  seismological  and  geological  studies  to 
establish  earthquake  parameters  for  use  in  dynamic  stability  analyses 
and,  where  appropriate,  the  dynamic  testing  of  materials.  Stability 
analyses  may  be  based  upon  either  time-history  or  response  spectra  tech- 
nique^.. The  results  ®f  dynamic  analyses  should  be  assessed  on  the  basis 
of  whether  or  not  the  dam  would  have  sufficient  residual  integrity  to 
retain  the  reservoir  during  and  after  the  greatest  or  most  adverse 
earthquake  which  might  occur  near  the  project  location. 

4.4. 2. 2.  Clay  Shale  Foundation.  Clay  shale  is  a highly  overconsolidated 
sedimentary  rock  comprised  predominantly  of  clay  minerals,  with  little 

or  no  cementation.  Foundations  of  clay  shales  require  special  measures 
in  stability  investigations.  Clay  shales,  particularly  those  containing 
montmoril Ionite,  may  be  highly  susceptible  to  expansion  and  consequent 
loss  of  strength  upon  unloading.  The  shear  strength  and  the  resistance 
to  deformation  of  clay  shales  may  be  quite  low  and  high  pore  water  pres- 
sures may  develop  under  increase  in  load.  The  presence  of  slickensides 
in  clay  shales  is  usually  an  indication  of  low  shear  stength.  Prediction 
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of  field  behavior  of  clay  shales  should  not  be  based  solely  on  results  of 
conventional  laboratory  tests  since  they  may  be  misleading.  The  use  of 
peak  shear  strengths  for  clay  shales  in  stability  analyses  may  be  uncon- 
servative because  of  nonuniform  stress  distribution  and  possible  progres- 
sive failures.  Thus  the  available  shear  resistance  may  be  less  than  if 
the  peak  shear  strength  were  mobilized  simultaneously  along  the  entire 
failure  surface.  In  such  cases,  either  greater  safety  factors  or  residual 
shear  strength  should  be  used. 

4.4.3.  Embankment  Dams . 


4.4. 3.1.  Liquefaction.  The  phenomenon  of  liquefaction  of  loose, 
saturated  sands  and  silts  may  occur  when  such  materials  are  subjected 
to  shear  deformation  or  earthquake  shocks.  The  possibility  of  lique- 
faction must  presently  be  evaluated  on  the  basis  of  empirical  knowledge 
supplemented  by  special  laboratory  tests  and  engineering  judgment.  The 
possibility  of  liquefaction  in  sands  diminishes  as  the  relative  density 
increases  above  approximately  70  percent.  Hydraulic  fill  dams  in 
Seismic  Zones  3 and  4 should  receive  particular  attention  since  such 
dams  are  susceptible  to  liquefaction  under  earthquake  shocks. 

4. 4. 3. 2.  Shear  Failure.  Shear  failure  is  one  in  which  a portion  of  an 
embankment  or  of  an  embankment  and  foundation  moves  by  sliding  or  rotating 
relative  to  the  remainder  of  the  mass.  It  is  conventionally  represented 
as  occurring  along  a surface  and  is  so  assumed  in  stability  analyses, 
although  shearing  may  occur  in  a zone  of  substantial  thickness.  The 
circular  arc  or  the  sliding  wedge  method  of  analyzing  stability,  as  per- 
tinent, should  be  used.  The  circular  arc  method  is  generally  applicable 
to  essentially  homogeneous  embankments  and  to  soil  foundations  consisting 
of  thick  deposits  of  fine-grained  soil  containing  no  layers  significantly 
weaker  than  other  strata  in  the  foundation.  The  wedge  method  is  generally 
applicable  to  rockfill  dams  and  to  earth  dams  on  foundations  containing 
weak  layers.  Other  methods  of  analysis  such  as  those  employing  complex 
shear  surfaces  may  be  appropriate  depending  on  the  soil  and  rock  in  the 
dam  and  foundation.  Such  methods  should  be  in  reputable  usage  in  the 
engineering  profession. 

4.4. 3. 3.  Loading  Conditions.  The  loading  conditions  for  which  the  embank- 
ment structures  should  be  investigated  are  (I)  Sudden  drawdown  from  spill- 
way crest  elevation  or  top  of  gates,  (II)  Partial  pool,  (III)  Steady 
state  seepage  from  spillway  crest  elevation  or  top  of  gate  elevation, 

and  (IV)  Earthquake.  Cases  I and  II  apply  to  upstream  slopes  only; 

Case  III  applies  to  downstream  slopes;  and  Case  IV  applies  to  both  up- 
stream and  downstream  slopes.  A summary  of  suggested  strengths  and 
safety  factors  are  shewn  in  Table  4. 
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TABLE  4 


Case 

I 


II 

III 

IV 

/ 

// 

"k 

irk 


FACTORS  OF  SAFETY  / 


Loading 

Condition 

Sudden  drawdown 
from  spillway  crest 
or  top  of  gates  to 
minimum  drawdown 
elevation . 


Factor  of 
Safety 

1.2* 


Partial  pool  with 
assumed  horizontal 
steady  seepage 
saturation. 

Steady  seepage 
from  spillway  crest 
or  top  of  gates  with 
Kh/Kv  ■ 9 assumed** 

Earthquake  (Cases  II 
and  III  with  seismic 
loading) 


1.5 


1.5 


1.0 


Shear  // 
Strength 

Minimum  com- 
posite of  R 
and  S shear 
strengths 
See  Figure 
5. 


R+S  for  R <:  S 
2 

S for  R > S 

Same  as 
Case  II 


Remarks 

Within  the  drawdown 
zone  submerged  unit 
weights  of  materials 
are  used  for  computing 
forces  resisting  slid- 
ing and  saturated 
unit  weights  are  used 
for  computing  forces 
contributing  to  slid- 
ing. 

Composite  intermediate 
envelope  of  R and  S 
shear  strengths.  See 
Figure  6. 


See  Figures  1 through 
4 for  Seismic  Coeffi- 
cients . 


Not  applicable  to  embankments  on  clay  shale  foundation.  Experience 
has  indicated  special  problems  in  determination  of  design  shear 
strengths  for  clay  shale  foundations  and  acceptable  safety  factors 
should  be  compatible  with  the  confidence  level  in  shear  strength 
assumptions . 

Other  strength  assumptions  may  be  used  if  in  common  usage  in  the 
engineering  profession. 

The  safety  factor  should  not  be  less  than  1.5  when  drawdown  rate  and 
pore  water  pressure  developed  from  flow  nets  are  used  in  stability 
analyses . 

K^/lCy  is  the  ratio  of  horizontal  to  vertical  permeability.  A 
minimum  of  9 is  suggested  for  use  in  compacted  embankments  and 
alluvial  sediments. 
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***  Use  shear  strength  for  case  analyzed  without  earthquake.  It  is  not 
necessary  to  analyze  sudden  drawdown  for  earthquake  loading.  Shear 
strength  tests  are  classified  according  to  the  controlled  drainage 
conditions  maintained  during  the  test.  R tests  are  those  in  which 
specimen  drainage  is  allowed  during  consolidation  (or  swelling) 
under  initial  stress  conditions,  but  specimen  drainage  is  not  allowed 
during  application  of  shearing  stresses.  S tests  allow  full  drain- 
age during  initial  stress  application  and  shearing  is  at  a slow  rate 
so  that  complete  specimen  drainage  is  permitted  during  the  complete 
test . 


4.4. 3.4.  Safety  Factors.  Safety  factors  for  embankment  dam  stability 
studies  should  be  based  on  the  ratio  of  available  shear  strength  to 
developed  shear  strength,  S^: 


SD  " C + jp  tan  6 
F.S . F.S. 


(1) 


C » cohesion 

i - angle  of  internal  friction 
(J"  » normal  stress 

The  factors  of  safety  listed  in  Table  4 are  recommended  as  minimum  accept- 
able. Final  accepted  factors  of  safety  should  depend  upon  the  degree  of 
confidence  the  investigating  engineer  has  in  the  engineering  data  avail- 
able to  him.  The  consequences  of  a failure  with  respect  to  human  life 
and  property  damage  are  important  considerations  in  establishing  factors 
of  safety  for  specific  investigations. 

4.4. 3. 5.  Seepage  Failure.  A critical  uncontrolled  underseepage  or 
through  seepage  condition  that  develops  during  a rising  pool  can  quickly 
reduce  a structure  which  was  stable  under  previous  conditions,  to  a total 
structural  failure.  The  visually  confirmed  seepage  conditions  to  be 
avoided  are  (1)  the  exit  of  the  phreatic  surface  on  the  downstream  slope 
of  the  dam  and  (2)  development  of  hydrostatic  heads  sufficient  to  create 
in  the  area  downstream  of  the  dam  sand  boils  that  erode  materials  by  the 
phenomenon  known  as  "piping"  and  (3)  localized  concentrations  of  seepage 
along  conduits  or  through  pervious  zones.  The  dams  most  susceptible  to 
seepage  problems  are  those  built  of  or  on  pervious  materials  of  uniform 
fine  particle  size,  with  no  provisions  for  an  internal  drainage  zone 
and/or  no  underseepage  controls. 
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A. 4. 3. 6.  Seepage  Analyses . Review  and  modifications  to  original 
seepage  design  analyses  should  consider  conditions  observed  in  the 
field  inspection  and  piezometer  instrumentation.  A seepage  analysis 
should  consider  the  permeability  ratios  resulting  from  natural  deposi- 
tion and  from  compaction  placement  of  materials  with  appropriate 
variation  between  horizontal  and  vertical  permeability.  An  under- 
seepage analysis  of  the  embankment  should  provide  a critical  gradient 
factor  of  safety  for  the  maximum  head  condition  of  not  less  than  1.5 
in  the  area  downstream  of  the  embankment. 


F.S  « ic/i  = Hc^Db  “ Db  < (2) 

H/Db  hTw 

ic  = Critical  gradient 

i = Design  gradient 

H « Uplift  head  at  downstream  toe  of  dam  measured  above 
tailwater 


Hc  = The  critical  uplift 


Db  ■ The  thickness  of  the  top  impervious  blanket  at  the 
downstream  toe  of  the  dam 

"Yin  ■ The  estimated  saturated  unit  weight  of  the  material  in  the 
top  impervious  blanket 

T„  ■ The  unit  weight  of  water 


Where  a factor  of  safety  less  than  1.5  is  obtained  the  provision  of  an 
underseepage  control  system  is  indicated.  The  factor  of  safety  of  1.5 
is  a recommended  minimum  and  may  be  adjusted  by  the  responsible  engineer 
based  on  the  competence  of  the  engineering  data. 

4.4.4.  Concrete  Dams  and  Appurtenant  Structures . 

4. 4. 4.1.  Requirements  for  Stability.  Concrete  dams  and  structures 
appurtenant  to  embankment  dams  should  be  capable  of  resisting  over- 
turning, sliding  and  overstressing  with  adequate  factors  of  safety  for 
normal  and  maximum  loading  conditions. 
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4. 4. 4. 2.  Loads . Loadings  to  be  considered  in  stability  analyses  include 
the  water  load  on  the  upstream  face  of  the  dam;  the  weight  of  the  struc- 
ture; internal  hydrostatic  pressures  (uplift)  within  the  body  of  the 
dam,  at  the  base  of  the  dam  and  within  the  foundation;  earth  and  silt 
loads;  ice  pressure,  seismic  and  thermal  loads,  and  other  loads  as 
applicable.  Where  tailwater  or  backwater  exists  on  the  downstream  side 
of  the  structure  it  should  be  considered,  and  assumed  uplift  pressures 
should  be  compatible  with  drainage  provisions  and  uplift  measurements  if 
available.  Where  applicable,  ice  pressure  should  be  applied  to  the 
contact  surface  of  the  structure  at  normal  pool  elevation.  A unit  pres- 
sure of  not  more  than  5,000  pounds  per  square  foot  should  be  used. 

Normally,  ice  thickness  should  not  be  assumed  greater  than  two  feet. 

Earthquake  forces  should  consist  of  the  inertial  forces  due  to  the 
horizontal  acceleration  of  the  dam  itself  and  hydrodynamic  forces 
resulting  from  the  reaction  of  the  reservoir  water  against  the  structure. 
Dynamic  water  pressures  for  use  in  conventional  methods  of  analysis  may 
be  computed  by  means  of  the  "Westergaard  Formula"  using  the  parabolic 
approximation  (H.M.  Westergaard,  ,fWater  Pressures  on  Dams  during  Earth- 
quakes," Trans.,  ASCE,  Vol  98,  1933,  pages  418-433),  or  similar  method. 

4.4.4. 3.  S tresses . The  analysis  of  concrete  stresses  should  be  based  on 
in  situ  properties  of  the  concrete  and  foundation.  Computed  maximum  com- 
pressive stresses  for  normal  operating  conditions  in  the  order  of  1/3 

or  less  of  in  situ  strengths  should  be  satisfactory.  Tensile  stresses 
in  unreinforced  concrete  should  be  acceptable  only  in  locations  where 
cracks  will  not  adversely  affect  the  overall  performance  and  stability 
of  the  structure.  Foundation  stresses  should  be  such  as  to  provide 
adequate  safety  against  failure  of  the  foundation  material  under  all 
loading  conditions. 

4. 4. 4. 4.  Overturning.  A gravity  structure  should  be  capable  of  resisting 
all  overturning  forces.  It  can  be  considered  safe  against  overturning 

if  the  resultant  of  all  combinations  of  horizontal  and  vertical  forces, 
excluding  earthquake  forces,  acting  above  any  horizontal  plane  through 
the  structure  or  at  its  base  is  located  within  the  middle  third  of  the 
section.  When  earthquake  is  included  the  resultant  should  fall  within 
the  limits  of  the  plane  or  base,  and  foundation  pressures  must  be  accept- 
able. When  these  requirements  for  location  of  the  resultant  are  not 
satisfied  the  Investigating  engineer  should  assess  the  importance  to 
stability  of  the  deviations. 

4.4.4. 5.  Sliding.  Sliding  of  concrete  gravity  structures  and  of  abutment 
and  foundation  rock  masses  for  all  types  of  concrete  dams  should  be  evaluated, 
by  the  shear- friction  resistance  concept.  The  available  sliding  resis- 
tance is  compared  with  the  driving  force  which  tends  to  induce  sliding 

to  arrive  at  a sliding  stability  safety  factor.  The  investigation  should 
be  made  along  all  potential  sliding  paths.  The  critical  path  is  that 
plane  or  combination  of  planes  which  offers  the  least  resistance. 
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4. 4. 4, 5.1.  Sliding  Resistance.  Sliding  resistance  is  a function  of 
the  unit  shearing  strength  at  no  normal  load  (cohesion)  and  the  angle 
of  friction  on  a potential  failure  surface.  It  is • determined  by 
computing  the  maximum  horizontal  driving  force  vhich  could  be  resisted 
along  the  sliding  path  under  investigation.  The  following  general 
formula  is  obtained  from  the  principles  of  statics  and  may  be 
derived  by  resolving  forces  parallel  and  perpendicular  to  the  sliding 
plane: 


RR 


V tan  (6  + ) + 


cA 

cosot(l  - tan  i>  tan  ot  ) 


(3) 


where 


R^  » Sliding  Resistance  (maximum  horizontal  driving  force  which  can 
be  resisted  by  the  critical  path) 

i>  = Angle  of  internal  friction  of  foundation  material  or,  where 
applicable,  angle  of  sliding  friction 

V » Summation  of  vertical  forces  (including  uplift) 

c = Unit  shearing  strength  at  zero  normal  loading  along  potential 
failure  plane 

A * Area  of  potential  failure  plane  developing  unit  shear  strength 


c*  = Angle  between  inclined  plane  and  horizontal  (positive  for  uphill 
sliding) 


For  sliding  downhill  the  angle  0<  is  negative  and  Equation  (1)  becomes: 


V tan  (4  - O ) + 


cA 


cos  cx  (1  + tan  b tancx  ) 


(4) 


When  the  plane  of  investigation  is  horizontal,  and  the  angle  oc  is  zero 
and  Equation  (1)  reduced  to  the  following: 


RR  - V tan  b + cA 


(5) 
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4.4.4. 5. 2.  Downstream  Resistance.  When  the  base  of  a concrete  structure 
is  embedded  in  rock  or  the  potential  failure  plane  lies  below  the  base, 
the  passive  resistance  of  the  downstream  layer  of  rock  may  sometimes  be 
utilized  for  sliding  resistance.  Rock  that  may  be  subjected  to  high 
velocity  water  scouring  should  not  be  used.  The  magnitude  of  the 
downstream  resistance  is  the  lesser  of  (a)  the  shearing  resistance 
along  the  continuation  of  the  potential  sliding  plane  until  it  daylights 
or  (b)  the  resistance  available  from  the  downstream  rock  wedge  along  an 
inclined  plane.  The  theoretical  resistance  offered  by  the  passive  wedge 
can  be  computed  by  a formula  equivalent  to  formula  (3): 


P 


P 


W tan  (| 5 + eX  ) + 


cA 

cos  oi  n - tan  t tano<  ) 


(6) 


Pp  = passive  resistance  of  rock  wedge 

W « weight  (buoyant  weight  if  applicable)  of  downstream  rock  wedge 
above  inclined  plane  of  resistance,  plus  any  superimposed  loads 

b *>  angle  of  internal  friction  or,  if  applicable,  angle  of  sliding 
friction 

Q4  - angle  between  inclined  failure  plane  and  horizontal 

c = unit  shearing  strength  at  zero  normal  load  along  failure 

plane 

A » area  of  inclined  plane  of  resistance 


When  considering  cross-bed  shear  through  a relatively  shallow,  competent 
rock  strut,  without  adverse  jointing  or  faulting,  W andcx.  may  be  taken 
at  zero  and  45°,  respectively,  and  an  estimate  of  passive  wedge  resis- 
tance per  unit  width  obtained  by  the  following  equation: 


Pp  - 2 cD  (7) 

where 

D ■ Thickness  of  the  rock  strut 


4. 4. 4. 5. 3.  Safety  Factor.  The  shear-friction  safety  factor  is  obtained 
by  dividing  the  resistance  RR  by  H,  the  sumnation  of  horizontal  service 


( D-26  ) 


95 


loads  to  be  applied  to  the  structure: 


Sg.f  *=  (8) 

TT 

When  the  downstream  passive  wedge  contributes  to  the  sliding  resistance, 
the  shear  fruction  safety  factor  formula  becomes: 


c 

“s- 


f 


12e 

H 


(9) 


The  above  direct  superimposition  of  passive  wedge  resistance  is  valid 
only  if  shearing  rigidities  of  the  foundation  components  are  similar. 
Also,  the  compressive  strength  and  buckling  resistance  of  the  downstream 
rock  layer  must  be  sufficient  to  develop  the  wedge  resistance.  For 
example,  a foundation  with  closely  spaced,  near  horizontal,  relatively 
weak  seams  might  not  contain  sufficient  buckling  strength  to  develop 
the  magnitude  of  wedge  resistance  computed  from  the  cross-bed  shear 
strength.  In  this  case  wedge  resistance  should  not  be  assumed  without 
resorting  to  special  treatment  (such  as  installing  foundation  anchors) . 
Computed  sliding  safety  factors  approximating  3 or  more  for  all  loading 
conditions  without  earthquake,  and  1.5  including  earthquake,  should 
indicate  satisfactory  stability,  depending  upon  the  reliability  of  the 
strength  parameters  used  in  the  analyses.  In  some  cases  when  the  results 
of  comprehensive  foundation  studies  are  available,  smaller  safety  factors 
may  be  acceptable.  The  selection  of  shear  strength  parameters  should 
be  fully  substantiated.  The  bases  for  any  assumptions;  the  results  of 
applicable  testing,  studies  and  investigations;  and  all  pre-existing, 
pertinent  data  should  be  reported  and  evaluated. 
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his  report  cites  results  of  a technical  Investigation  au  to  the  dam's  ade- 
quacy. The  Inspection  and  evaluation  of  the  dam  is  as  prescribed  by  the 
National  Dam  Inspection  Act,  Public  Lav  9?- 367.  The  technical  investigation 
Includes  visual  inspection,  review  of  available  design  and  construction  records, 
and  preliminary  structural  and  hydraulic  and  hydrologic  calculations,  as 
applicable.  An  assessment  of  the  dam's  general  condition  is  included  in  the 
report.  s 


